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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1981 BUDGET ESTIMATES 

GENERAL STATEMENT 

The National Aeronautics and Space Administration, established October 1, 1958, conducts space and 
aeronautics activities for peaceful purposes for the benefit of all. NASA's activities are designed to 
maintain United States leadership in aeronautical and space research and technology, and it's utilization. 
More specifically, the objectives of NASA activities are to: 

-- Extend our knowledge of the Earth, its environment, the solar system, and the universe; 
-- Expand the practical applications of space technology; 
-- Develop, operate, and improve manned and unmanned space vehicles; 
-- Improve the civil and military usefulness of aeronautical vehicles, while minimizing their environmental 

effects and energy consumption; 

-- Disseminate pertinent findings to potential users; and 
-- Promote international cooperation in peaceful activities in space. 
The President's civil space policy announced in October 1978 emphasized a balanced strategy of applications, 

science and technology development designed to: 

-- Emphasize space applications that will bring important benefits to our understanding of Earth resources, 
climate, weather, pollution and agriculture; 

-- Emphasize space science and exploration in a manner that retains challenge and excitement and permits 
the Nation to retain the vitality of its space technology base; 

-- Take advantage of the flexibility of the Space Shuttle to reduce the cost of operating in space; 
-- Assure American scientific and technological leadership in space; 
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-- Increase benefits for resources expended through closer integration of the national space programs; 
-- Demonstrate advanced technological capabilities in open and imaginative ways; 
-- Foster space cooperation with nations by conducting joint programs; 
-- Confirm our support of the continued development of a legal regime for space that wi 

safe and peaceful use for the benefit of all. 

The NASA FY 1981 budget recommendation of $5,736.7 million provides for progress toward 
these objectives at a pace consistent with a constrained fiscal environment. 

1 assure its 

achievement of 

Space program elements in the recommended budget provide for progress in development of the operational 
capability and use of the Shuttle and related systems; in practical application of space capabilities in re- 
mote sensing of land and ocean conditions, in atmospheric studies, in materials processing and in communica- 
tions; in exploration of the solar system and expansion of our knowledge of the universe; and in advancing 
the technology necessary for United States leadership in space. Major areas of emphasis include: 

0 Development, qualification and flight testing of the Space Shuttle and manufacture of the orbiter vehicles 
on a schedule consistent with the requirements of the Department of Defense. The Space Shuttle is 
progressing toward the initial flight tests, but the final preparations and ground testing required before 
these flight missions can be confidently undertaken are taking longer and requiring more effort than pre- 
viously planned. The requirements of the Department of Defense and other Shuttle users, as well as the 
requirements of the NASA program, make it necessary to proceed as expeditiously as possible in achieving 
the capabilities of the Space Transportation System. Consistent with these requirements, it is necessary 
to recommend a Supplemental Appropriation of $300 million for FY 1980. The FY 1981 budget recommendation 
is based on the assumption that this Supplemental Appropriation will be approved; 

0 Continuation of the approved flight missions in Science and Applications, but with a revised plan for the 
Galileo mission to Jupiter to achieve the science objectives using separate launches of orbiter and probe 
spacecraft in 1984 rather than a combined spacecraft launch in 1982; 

0 Continuation of the basic and applied research activities essential to future capabilities and leadership 
in space; 

0 Carefully selected program enhancements and next step initiatives in the areas of practical applications of 
space capabilities and scientific exploration of space. Specifically, enhancements and initiatives in the 
area of practical applications, remote sensing and communications include the National Oceanic Satellite 
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System in response to both military and civil requirements for remote sensing of ocean data and advanced 
technical development effort on an experimental wideband communications satellite. In the area of Space 
Science, development will be initiated on the Gamma Ray Observatory to conduct a comprehensive sky survey 
of the highest energy region of the electromagnetic spectrum. 

Aeronautical research and technology activities in the recommended budget are necessary to advance 
aeronautical technology to ensure safer, more economical, efficient and environmentally acceptable air trans- 
portation systems which are responsive to current and projected national needs; to maintain the strong com- 
petitive position of the United States in the international aviation marketplace; and to support the military 
in maintaining the superiority of the Nation's military aircraft. The FY 1981 program continues emphasis on 
the fundamental research and technology base in all disciplines vital to aeronautics; on specific technology 
efforts directed toward major improvements in transport aircraft energy efficiency for operations and on 
systems technology to provide a basis €or improved performance and safety for future vehicles in each major 
aircraft category. 
efficiency technology to provide the basis for a major reduction in fuel requirements for transport aircraft; 
on design technology for future quiet, efficient, all weather rotorcraft; on variable flow propulsion tech- 
nology; and, on other key areas of systems technology. Construction effort is proceeding on two major 
aeronautical facilities, the National Transonic Facility at the Langley Research Center and the Modification 
to the 40-by-80 foot Subsonic Wind Tunnel at the Ames Research Center. The facilities, which will consider- 
ably enhance the Nation's aeronautical research capability, are scheduled to come on line as operational 
facilities during FY 1982. 

The FY 1981 program also continues and extends focused efforts on aircraft energy 

Re sources Summary 

The budget for FY 1981 has been developed on the assumption that the FY 1980 Supplemental Appropriation of 
$300.0 million required for the Space Shuttle program will be approved on a timely basis. The total budget 
authority for FY 1980, including this supplemental appropriation, and a supplemental of $46.3 million requested 
to cover the increased salary costs that became effective in October 1979 pursuant to Executive Order 12165, 
totals $5,269.8 million. The budget authority recommended for FY 1981 totals $5,736.7 million with estimated 
outlays of $5,439.7 million. Civil service staffing levels are planned at 22,613 for the end of FY 1980 and 
22,713 at the end of FY 1981. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

SPACE TRANS POR'IAT IO N SYSTEMS 

0 Develop a versatile Space Transportation System to provide for: 

-- Expanded capabilities employing the reusable Space Shuttle system -- Manned orbital experiments using Shuttle and Spacelab -- Deep space and geosynchronous mission capability with upper stages -- Orbital placement, servicing and retrieval of automated satellites -- Economy in transportation, space operations, and payload costs 
0 Continue production to provide a national fleet of Space Shuttle orbiters 

0 Establish capability for Space Transportation System operations 

0 Conduct Shuttle orbital flight tests 

0 Conduct design and verification activities for Shuttle thrust augmentation 

a Provide expendable launch vehicle services as required by NASA and other users during transition 
to Space Transportation System 

MAJOR FLIGHT ACTIVITY 

Calendar Years 
1979 1980 1981 1982 1983 - 1984 - 1985 - - - 

Space Shuttle 
Development Flights...............~...~......~.o~~~o.~~ - 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

SPACE SCIENCE 

0 Increase our understanding of the evolution and nature of the Earth and its environment, the solar system 
and the universe through a balanced program of space exploration missions and ground-based investigations 

e Exploit the knowledge gained from current and completed program efforts by thorough analysis and 
interpretation of the scientific data obtained 

0 Utilize the space environment for research in the biomedical, biological, and bioinstrumentation fields 

MAJOR FLIGHT ACTIVITY 
Calendar Years 

- 1979 - 1980 1981 1982 1983 1984 1985 
Physics and Astronomy: 
High Energy Astronomy Observatory.................. c 

Space Telescope ..................................................................... A 
International Solar Polar Mission.. ................................................ 
Gamma Ray 
Shuttle/Spacelab Science Payloads.. 
Explorer Launches............................................... 

Solar Maximum Mission.. ................................... .a 

................................. ... ...... 
Planetary Exploration: 
Voyager-Jupiter/Saturn Encounters.................. @@ .... @ ..... @ 
Pioneer-Saturn Flyby.................................. 0 
Galileo ................................................. ..................................A A 

Life Sciences: 
Dedicated Life Sciences Spacelabs ................ . . . . . . . . . . . . . . . . . . . . . . . . o ~ o ~ o . . . . . . ~ ~ ~  
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

0 Develop and demonstrate prac 

SPACE AND TERRESTRIAL APPLICATIONS 

i c a l  u ses  of space and space-derived technology 

-- Remote sens ing  of Ear th  r e sources  -- Environmental obse rva t ions  from space -- M a t e r i a l s  process ing  i n  space -- Space communications 

Acce le ra t e  t h e  t r a n s f e r  of NASA-developed r e s e a r c h  and technology advances t o  p u b l i c  and p r i v a t e  s e c t o r s  0 

MAJOR FLIGHT ACTIVITY 

Calendar Years - 1979 1980 1981 - 1982 _I_ 1983 1984  1985 1986 

Landsat-D.. .................................................. *&I 
Magentic F i e l d  Satellite.................... ..A - -  v 

S t r a t o s p h e r i c  Aerosol and Gas Experiment ......A 
Search and Rescue S a t e l l i t e  Systems T e s t  ..............................t 
Ear th  Radia t ion  Budget Experiment.. .......................................... it- - 
Halogen Occu l t a t ion  Experiment ( H ~ O E )  ........................................ 
National  Oceanic S a t e l l i t e  System ...................................................................... 
Shu t t l e /Space lab  Appl ica t ions  Payloads ...............oooo.A....b......;... 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

AERONAUTICAL RESEARCH AND TECHNOLOGY 

@ Provide a technology base  f o r  c u r r e n t  and f u t u r e  c i v i l  and m i l i t a r y  a i r c r a f t  to :  

-- Reduce energy requirements 

-- Improve performance 

-- I n c r e a s e  s a f e t y  

-- Decrease environmental e f f e c t s  

-- Reduce c o s t s  

0 Achieve t h e s e  ob jec t ives ,  by means of ground and f l i gh t- based  r e s e a r c h  and technology a c t i v i t i e s ,  
through advances i n  t h e  technology a r e a s  of: 

-- M a t e r i a l s  and s t r u c t u r e s  

-- Propuls ion  

-- Avionics and f l i g h t  c o n t r o l  

-- Aerodynamics 

-- Operat ions 

-- Human-vehicle i n t e r a c t i o n s  

@ Major technology focus:  

-- A i r c r a f t  Energy Ef f i c i ency  Technology 

AS 8 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

ENERGY TECHNOLOGY 

0 Energy technology activities to facilitate use of NASA-developed aerospace technologies, experience and 
facilities to meet the program needs of the Department of Energy and other agencies responsible for 
energy programs 

TRACKING AND DATA ACQUISITION 

0 Worldwide networks of ground stations interconnected with highly reliable communications to provide 
support to: 

-- Shuttle Orbital Flight Tests 
-- Automated Earth Orbiting Missions - Covering an average of approximately 40 applications and scientific 

spacecraft, the support workload will include Nimbus 5, 6, & 7, the Landsat missions, Heat Capacity 
Mapping Mission, International Ultraviolet Explorer, International Sun Earth Explorer missions, the 
High Energy Astronomy Observatory missions, the Applications Technology Satellite missions, Magsat, and 
the International Solar Maximum Mission 

-- Planetary Missions - In addition to seven Pioneer spacecraft, Helios 1 & 2 and Voyager 1 & 2 will also 
be supported 

-- Sounding Rockets 
-- Aeronautical Flight Research Program 
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Appropr i at i ons 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1981 ESTIMATES 

SUMMARY OF APPROPRIATIONS 
(Thousands o f  Dol 1 ars) 

Research and Development 
Basic appropriation....................................o....~. 
Supplemental for Space Shuttle..........................oooo.. 
Proposed supplemental for Space Shuttle....................... 

Construction o f  Facilities 
Basic appropriation........................................... 

Research and Program Management 
Basic appropriation..................................e...e...o 
Rescission, PL 96-7....................0...............e...0.. 
Supplemental appropriation for civilian pay raises, PL 96-38. 
Proposed supplemental €or civilian pay raises................. 

FY 1979 

3,477,200 
3,292,200 
185,000 

- - -  

147,500 
147,500 

934,O 69 
910,500 

25,969 
-2,400 

4,558,769 

FY 1980 

4,107,500 
3.807,500 

300,000 
---  

156,100 
156,100 

1,006,186 
959,900 

46,286 

5,269,786 

FY 1981 

4,569,500 
4.569,500 

120,000 
120,000 

1 ,047,154 
1,047,154 

5,736,654 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1981 ESTIMATES 

SUMMARY RECONCILIATION OF APPROPRIATIONS TO BUDGE.T PLANS 
(Thousands o f  Dol la r s )  

Tota l  - F i s c a l  Year 1979 

Appropr ia t ion,  PL 95-392..................... 4,350,200 

Supplemental Appropr ia t ion,  PL 96-38......... 210,969 
Resc i s s ion ,  PL 96-7.......................... -2,400 

Unobligated balance l aps ing .  ................. -261 

Tota l  Budget Plan.......................... 4,558,508 

F i s c a l  Year 1980 

Appropr ia t ion,  PL 95-392..................... 4,923,500 
Proposed supplemental f o r  Space Shuttle...... 300,000 
Proposed supplemental f o r  c i v i l i a n  pay r a i s e s  46,286 

Tota l  Budget Plan.......................... 5,269,786 

F i s c a l  Year 1981 

Research and Construct ion 
Development o f  F a c i l i t i e s  

3,292 , 200 147 , 500 --- 
185,000 

147 , 500 3,477 , 200 

3,807,500 156,100 --- 300 , 000 

4,107 , 500 156,100 

Appropria t ion reques t lbudge t  plan............ 5,736,654 4,569,500 120,000 

Research and 
Program 

Management 

910,500 

25,969 
-2,400 

-261 

933,808 

959,900 

46,286 

1,006,186 

--- 

1,047,154 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1981 ESTIMATES 

Johnson Space Center.......... 
Kennedy Space Center.......... 
Marshall Space F l igh t  Center.. 
National Space Technology 

Laboratories... . . . . . . . . . . . . .  

Goddard Space F l igh t  Center... 
J e t  Propulsion Laboratory ..... 
Wallops F l igh t  Center.. ....... 
Ames Research Center.......... 
Dryden F l igh t  Research Center. 
Langley Research Center....... 
Lewis  Research Center......... 

Headquarters .................. 
Undistr ibuted Construction of 

F a c i l i t i e s  : 
Various Locations........... 
Space Shu t t l e  Fac i l i t i e s . . . .  
Rehabi, l i tat ion and 
Medification.............. 

F a c i l i t y  Planning and 
Design .................... 
Tota l  Budget Plan ........ 

SUMMARY OF BUDGET PLANS BY INSTALLATION BY APPROPRIATION 
(Mill ions of Dollars)  

TOTAL 
1979 1980 1981 

1,306.3 1,470.9 1,575.7 
373.1 457.2 488.4 
914.2 1,031.2 1,233.9 

21.2 23.0 22.4 

656.1 699.2 774.5 
241.2 314.0 313.2 

33.2 37.4 44.5 

248.0 251.6 222.5 
33.9 41.6 41.1 

279.4 304.0 301.9 
243.7 276.0 273.9 

202.0 345.9 428.9 

Research and Development 
1979 1980 1981 

1,151.2 1,302.6 1,400.0 
233.5 300.3 342.0 
747.8 853.0 1,056.9 

15.4 16.1 14.5 

519.3 560.4 631.0 
235.1 310.4 306.1 

16.6 17.0 21.9 

141.5 139.7 135.8 
13.1 18.2 17.8 

138.8 164.4 156.0 
149.2 170.2 156.8 

115.7 255.2 331.3 

*Includes Michoud Assembly Fac i l i t y . .  .................................................... 

Construction of 
F a c i l i t i e s  

1979 1980 1981 

2.2 5.4 5.0 
16.3 25.0 5.0 

*17.4 *20.6 *17.2 

1.3 2.0 2.8 

8.9 3.0 4.2 
6.1 3.6 7.1 

.8 3.3 3.6 

43.8 42.1 15.3 
1.7 1.7 1.6 

34.0 23.6 26.7 
7.0 8.0 15.7 

1.8 - -_ --- 

--_ 3.8 3.1 
2.7 1.9 - -- 

1.5 

2.8 14.0 10.0 - 
(14.9) (13.2) (13.2) 

_-- --- 

Research and 
Program Management 

1979 1980 1981 

152.9 162.9 170.7 
123.3 131.9 141.4 
149.0 157.6 160.4 

4.5 4.9 5.1 

127.9 135.8 139.3 

15.8 17.1 19.0 
--- - -- -_- 

62.7 69.8 71.4 
19.1 21.7 21.7 

106.6 116.0 119.2 
87.5 97.8 101.4 

84.5 90.7 97.6 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

RESEARCH AND PROGRAM MANAGEMENT 

FISCAL YEAR 1981 ESTIMATES 

TOTAL NUMBER OF PERMANENT POSITIONS 

END OF YEAR 

I n s  t a l  1 a t  ion  
FY 1979 
Actual 

Johnson Space Center ............................................ 3. 504 

............................................ Kennedy Space Center 2. 193 

Marshal l  Space F l i g h t   center.....................^....^^^....^^. 3. 636 

National  Space Technology Labora to r i e s  .......................... 104 

Goddard Space F l i g h t  Center ..................................... 3. 482 

Wallops F l i g h t  Center ........................................... 398 

............................................ Ames Research Center 1. 666 

................................... Dryden F l i g h t  Research Center 480 

Langley Research Center ......................................... 3. 005 

L e w i s  Research Center ........................................... 2. 858 

Headquarters  .................................................... 1. 505 

Tota l .  Permanent P o s i t i o n s  .................................... 22 .  831 

FY 1980 
Est imate 

3. 469 

2.  191 

3. 561 

103 

3. 440 

395 

1. 658 

461 

2.  980 

2. 835 

1 520 

2 2 .  613 

L 

FY 1981 
Est imate 

3. 494 

2. 201 

3. 561 

103 

3. 440 

395 

1.  658 . 

461 

2. 980 

2.  835 

1.585 

22 .  713 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1981 ESTIMATES 

GENERAL STATEMENT 

The o b j e c t i v e s  o f  t h e  National  Aeronautics  and Space Adminis t ra t ion  program of  r e s e a r c h  and development a r e  
t o  extend ou r  knowledge of  t h e  Ear th ,  i t s  space  environment, and t h e  un ive r se ;  t o  expand t h e  p r a c t i c a l  app l i-  
c a t i o n s  of  space  technology;  t o  develop, o p e r a t e  
technology f o r  improving t h e  performance of  ae ronau t i ca l  v e h i c l e s  whi le  minimizing t h e i r  environmental e f f e c t s  
and energy consumption; and t o  a s s u r e  continued development o f  t h e  ae ronau t i c s  and space  technology necessa ry  
t o  accomplish n a t i o n a l  goals .  These o b j e c t i v e s  a r e  achieved through t h e  fol lowing elements: 

d improve manned and unmanned space v e h i c l e s ;  t o  provide  

SPACE TRANSPORTATION SYSTEMS: A program t o  provide  a l l  t h e  t r a n s p o r t a t i o n  and r e l a t e d  c a p a b i l i t i e s  r equ i r ed  
t o  conduct space opera t ions .  The major development o b j e c t i v e  i s  t h e  r e u s a b l e  Space S h u t t l e  and o t h e r  elements 
of  a v e r s a t i l e ,  economical t r a n s p o r t a t i o n  system t o  provide  a wide v a r i e t y  o f  u s e r s  w i th  round t r i p  access  t o  
space  dur ing  t h e  1980’s and beyond. 

SPACE SCIENCE: A program u t i l i z i n g  space  systems, supported by ground-based and a i r b o r n e  obse rva t ions ,  t o  
conduct a broad spectrum o f  s c i e n t i f i c  i n v e s t i g a t i o n s .  
and i t s  space  environment, t h e  Sun, t h e  p l a n e t s ,  i n t e r p l a n e t a r y  and i n t e r s t e l l a r  space,  t h e  o t h e r  s t a r s  o f  
our  ga laxy and t h e  universe.  

The o b j e c t i v e  i s  t o  advance our knowledge o f  t h e  Ear th  

SPACE AND TERRESTRIAL APPLICATIONS: A program, us ing  space,  a i r c r a f t ,  and ground-based systems, t o  i d e n t i f y  
and demonstrate t h e  use fu l  a p p l i c a t i o n s  of  space techniques  i n  t h e  a r e a s  o f  advanced communications s a t e l l i t e  
systems technology;  m a t e r i a l s  p rocess ing  r e s e a r c h  and exper imenta t ion;  and, remote sens ing  t o  acqu i r e  i n f o r -  
mation which w i l l  a s s i s t  i n  s o l u t i o n  of  Ea r th  r e sources  and environmental problems. 
a c t i v i t i e s  t o  a c c e l e r a t e  t h e  d isseminat ion  t o  both t h e  p u b l i c  and t h e  p r i v a t e  s e c t o r s  o f  advances achieved i n  
NASA’s r e s e a r c h ,  technology and development programs. 

The program inc ludes  

AERONAUTICS AND SPACE TECHNOLOGY: A program t o  conduct t h e  fundamental r e s e a r c h  and t o  develop t h e  technology 
r e q u i r e d  t o  mainta in  United S t a t e s  l e a d e r s h i p  i n  ae ronau t i c s  and space. The program a l s o  provides  f o r  i d e n t i f i -  - -  
c a t i o n  and eva lua t ion  o f  elements o f  NASA’s  a e r o n a u t i c s  and space technology which can b e n e f i t  National  energy 
programs . 

TRACKING AND DATA ACQUISITION: A program, u t i l i z i n g  a worldwide network, t o  suppor t  deep space,  Ea r th  
o r b i t a l ,  s u b o r b i t a l  and ae ronau t i ca l  a c t i v i t i e s .  
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SPACE TRANSPORTATION SYSTEMS 

Space T ranspo r t a t i on  Systems a c t i v i t i e s  provide  a l l  t h e  t r a n s p o r t a t i o n  and a s soc i a t ed  support  c a p a b i l i t i e s  
r equ i r ed  t o  conduct space opera t ions .  These a c t i v i t i e s  c u r r e n t l y  focus on t h e  development and t e s t i n g  of  t h e  
Space Shu t t l e- - the  f i r s t  r eusab l e  space v e h i c l e  and t h e  key element of a v e r s a t i l e ,  economical Space Transpor- 
t a t i o n  System t o  provide  domestic and i n t e r n a t i o n a l  u s e r s  wi th  round t r i p  access  t o  space f o r  t h e  1980 ' s  and 
beyond. 

The Space S h u t t l e  i s  t h e  most important  element of t h e  Space T ranspo r t a t i on  System. 
r e u s a b i l i t y  w i l l  open up a new e r a  i n  expanding t h e  uses  of space f o r  a wide v a r i e t y  of  Ea r th  a p p l i c a t i o n s ,  
s c i e n t i f i c ,  defense ,  and technologica l  a c t i v i t i e s .  The S h u t t l e  w i l l  c o n s i s t  of a r eusab l e  delta-wing o r b i t e r  
v e h i c l e  w i th  t h r e e  main engines,  an expendable p r o p e l l a n t  tank,  and r e u s a b l e  twin s o l i d  rocke t  boosters .  The 
S h u t t l e  w i l l  p rovide  unique c a p a b i l i t i e s  f o r  placement and r e t r i e v a l  of s a t e l l i t e s ,  i n - o r b i t  s e r v i c i n g  of 
s a t e l l i t e s ,  and d e l i v e r y  t o  Ear th  o r b i t  o f  payloads and propuls ive  s t a g e s  f o r  h igher  a l t i t u d e  and p l a n e t a r y  
missions.  The advent of  r e a d i l y  a v a i l a b l e ,  economical t r a n s p o r t a t i o n  t o  and from low Ear th  o r b i t ,  f o r  automated 
payloads,  as w e l l  as f o r  s c i e n t i s t s  and o t h e r  personnel  w i l l  r e v o l u t i o n i z e  our  concepts of  us ing  space and w i l l  
expand t h e  r e t u r n s  from space ope ra t i ons .  
space ope ra t i ons  but  w i l l  a l s o  l ead  t o  sav ings  i n  t h e  c o s t s  of payloads. These a n t i c i p a t e d  sav ings  w i l l  r e s u l t  
from r e p a i r  and r euse  of payloads and r e l a x a t i o n  of weight and s i z e  c o n s t r a i n t s .  The advantages o f f e r e d  by 
t h e  Space T ranspo r t a t i on  System w i l l  enhance both t h e  f l e x i b i l i t y  and the '  p r o d u c t i v i t y  of  space miss ions  com- 
pared t o  e x i s t i n g  expendable launch veh ic l e s .  

I t s  v e r s a t i l i t y  and 

The S h u t t l e ' s  unique c a p a b i l i t i e s  w i l l  no t  on ly  lower t h e  c o s t  o f  

The S h u t t l e  development program i s  i n  t h e  f i n a l  s t a g e s  of ground c e r t i f i c a t i o n  t e s t i n g  of f l i g h t  configured 
elements. The design c e r t i f i c a t i o n  review of  t h e  o v e r a l l  con f igu ra t i on  w a s  completed i n  Apr i l  1979 v a l i d a t i n g  
t h e  b a s i c  t e c h n i c a l  soundness of t h e  S h u t t l e  system design. The major emphasis i n  FY 1980 w i l l  be on p re-  
p a r a t i o n s  f o r  F i r s t  Manned Orb i t a l  F l i gh t .  The checkout of  t h e  Columbia a t  Kennedy Space Center i s  progress ing ,  
a l though t h e  scope and complexity o f  t h e  i n i t i a l  launch process ing  flow a r e  g r e a t e r  than  o r i g i n a l l y  planned 
and have caused de lays  i n  o r b i t e r  f l i g h t  read iness .  Technical problems have a l s o  a f f e c t e d  progress  i n  t h e  main 
propuls ion  system development, and manpower and hardware have been added t o  t h e  program i n  an e f f o r t  t o  avoid 
f u r t h e r  de lays  i n  achieving engine m a t u r i t y  a t  t h e  r a t e d  power l e v e l  and provide  increased  confidence i n  
ach iev ing  performance a t  f u l l  power l e v e l .  
and e x t e r n a l  t ank  and s o l i d  rocke t  boos t e r s  r equ i r ed  f o r  t h e  i n i t i a l  f l i g h t  a r e  i n  t h e  i n i t i a l  s t ages  of pro-  
ces s ing  a t  t h e  launch s i t e ,  and a l l  f a c i l i t i e s  a t  K S C  a r e  complete and i n  p l a c e  f o r  f i r s t  f l i g h t  and sof tware  
v a l i d a t i o n  i s  i n  progress .  The product ion  of follow-on o r b i t e r s  i s  underway wi th  t h e  o b j e c t i v e  of  provid ing  
ope ra t i ona l  o r b i t e r s  t o  meet performance requirements  f o r  c r i t i c a l  Department of Defense and c i v i l  missions.  

Other elements of  t h e  program a r e  progress ing  well .  The engines 

Although t h e  S h u t t l e  development i s  demonstrat ing good o v e r a l l  p rog re s s ,  t h e  de lays  encountered i n  process ing  
t h e  Columbia f o r  launch and t h e  impact of  engine t e s t  problems have r e s u l t e d  i n  adjustments  t o  program schedules  
r e q u i r i n g  a d d i t i o n a l  resources  i n  a l l  elements of t h e  S h u t t l e  system and suppor t ing  a c t i v i t i e s .  This  s i t u a t i o n  
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has  l e d  t o  t h e  requirement  f o r  t h e  recommended supplemental app rop r i a t i on  i n  FY 1980 and t o  FY 1981 
funding requirements  above those  p rev ious ly  planned. The F Y  1981 Design, Development, Tes t  and Evaluat ion 
ac t iv i t i es  w i l l  focus on o r b i t a l  f l i g h t  t e s t i n g  of  t he  e n t i r e  system and main engine t e s t i n g  t o  achieve f u l l  
power l e v e l  o f  performance. 
boos t e r  d e l i v e r i e s  t o  support  t h e  o r b i t a l  f l i g h t  t e s t s ,  cont inued launch p repa ra t i ons ,  checkout and accomplish- 
ment o f  t h e  o r b i t a l  f l i g h t  t e s t s ,  and f o r  continued engine t e s t i n g .  I n  S h u t t l e  product ion,  f a b r i c a t i o n  e f f o r t s  
on t h e  second o r b i t e r  w i l l  be n e a r l y  completed and f a b r i c a t i o n  e f f o r t s  on t h e  t h i r d  and f o u r t h  o r b i t e r  v e h i c l e s  
w i l l  be i nc reased  f o r  d e l i v e r y  i n  support  o f  Department of Defense miss ions  a t  Vandenberg A i r  Force Base. 
Engine f a b r i c a t i o n  f o r  t h e  product ion v e h i c l e s  w i l l  con t inue  and f l i g h t  spa re s  f o r  t h e  o r b i t e r s '  main engine,  
and ground support  equipment w i l l  be procured. Addit ional  launch process ing  equipment f o r  t h e  second l i n e  a t  
Kennedy Space Center w i l l  be i n  t h e  manufactur ing s t a g e  during t h i s  t ime period.  

The budget r eques t  provides f o r  completion of  ex t e rna l  tank and s o l i d  rocke t  

I n  summary, p rogress  a t  t h i s  c r i t i c a l  phase o f  t h e  S h u t t l e  development e f f o r t  has  been s u b s t a n t i a l ,  bu t  
t e c h n i c a l  problems and increased  requirements  i n  c o n t r a c t o r  and subcont rac tor  a c t i v i t i e s  have made i t  necessary  
t o  a d j u s t  t h e  program schedules  and t o  r e q u e s t  t h e  supplemental app rop r i a t i on  f o r  FY 1980. 
r eques t ,  which assumes enactment of t h e  supplemental app rop r i a t i on  i n  FY 1980, provides  f o r  con t inua t ion  of 
development, f l i g h t  t e s t i n g  and o r b i t e r  product ion on a schedule t o  meet Nat ional  requirements.  

The FY 1981 budget 

'Progress on t h e  Space S h u t t l e  w i l l  be matched i n  o t h e r  B c t i v i t i e s  v i t a l  t o  t h e  es tab l i shment  of t h e  Space 
T ranspo r t a t i on  System ope ra t i ona l  c a p a b i l i t y  and t o  p repa ra t i ons  f o r  e a r l y  ope ra t i ona l  missions.  The Space- 
l a b ,  which w i l l  be a mult ipurpose l a b o r a t o r y  c a r r i e d  i n  t h e  l a r g e  cargo bay of  t h e  Space S h u t t l e ,  w i l l  a l low 
s c i e n t i s t s ,  r e sea rche r s ,  and t echn ic i ans  t o  conduct t h e i r  experiments i n  t h e  unique environment of space. 
The Spacelab i s  being designed and b u i l t  by t h e  European Space Agency, w i th  t en  European n a t i o n s  p a r t i c i p a t i n g  
i n  t h i s  development. The I n e r t i a l  Upper S tage  ( I U S ) ,  which i s  being developed by t h e  Department of  Defense, 
w i l l  be used t o  deploy Shutt le- launched payloads t o  h igh  energy and escape o r b i t s .  The sp inning  s o l i d  upper 
s t a g e  i s  being developed commercially and w i l l  be used f o r  payloads t h a t  do no t  r e q u i r e  t h e  IUS c a p a b i l i t y .  
Other development and a c q u i s i t i o n  a c t i v i t i e s  r e l a t e d  t o  t h e  Space T ranspo r t a t i on  System inc lude  ground suppor t  
and con t ro l  equipment, mu1 t i u s e  miss ion  suppor t  equipment, and t r a i n i n g  equipment . 

Hardware procurement and o t h e r  a c t i v i t i e s  i n  p repa ra t i on  f o r  e a r l y  Space Transpor ta t ion  System ope ra t i ona l  
miss ions  a r e  i n  progress .  FY 1981 funding w i l l  p rovide  f o r  continued procurement, assembly and checkout of  
t h e  s o l i d  rocke t  boos te r ,  ex t e rna l  tank,  upper s t a g e s ,  and f o r  f l i g h t  p l ans ,  av ionics  sof tware,  f l i g h t  con t ro l  
systems and crew procedures  r equ i r ed  f o r  t h e s e  missions.  

Space Transpor ta t ion  Systems a c t i v i t i e s  during FY 1981 w i l l  a l s o  provide  expendable launch v e h i c l e s  and 
s e r v i c e s ,  a s  w e l l  a s  engineering suppor t ,  r equ i r ed  during t h e  t r a n s i t i o n  t o  t h e  Space Transpor ta t ion  System. 
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SPACE SCIENCE 

The Space Science program u t i l i z e s  space systems, supported by a i rbo rne  and ground-based obse rva t ions ,  t o  
conduct s c i e n t i f i c  i n v e s t i g a t i o n s  of t h e  Ear th  and i t s  space environment, t h e  Sun, t h e  p l a n e t s ,  and i n t e r -  
p l a n e t a r y  and i n t e r s t e l l a r  space,  and t h e  o t h e r  s t a r s  of our  galaxy and universe.  
v e s t i g a t i o n s  s i g n i f i c a n t l y  c o n t r i b u t e  t o  our  understanding of t h e  un ive r se ,  inc luding  t h e  key ques t ions  of  
l i f e ,  m a t t e r ,  and energy and t h e  complex phenomena t h a t  have such a profound e f f e c t  on l i f e  and environment 
on Earth. 

Resul t s  from t h e s e  i n-  

The Sun e x e r t s  a primary in f luence  on t h e  Ear th  and i t s  immediate environment. A s e r i e s  of Orbi t ing  
So la r  Observatory miss ions  have been conducted t o  s tudy  s o l a r  phenomena. The d i s cove r i e s  from t h e s e  miss ions  
and from t h e  experiments flown dur ing  t h e  Skylab Program provide t h e  foundat ion f o r  t h e  So la r  Maximum Mission 
t o  be launched i n  1980. 
and Spacelab miss ions ,  w i l l  p rovide  s c i e n t i s t s  wi th  an oppor tun i ty  t o  s tudy  t h e  Sun, i nc lud ing  s o l a r  f l a r e s  
and o t h e r  s o l a r  phenomena, during t h e  pe r iod  of peak s o l a r  a c t i v i t y .  The I n t e r n a t i o n a l  So la r  Polar  Mission, 
a j o i n t  NASA and European Space Agency miss ion ,  w i l l  be launched i n  1983 t o  s tudy  t h e  p o l a r  reg ions  of t h e  
Sun-- regions which cannot be observed from t h e  Ear th  o r  from c u r r e n t  spacec ra f t .  
r e q u i r e d  t o  s.fudy t h e s e  po l a r  r eg ions ,  two s p a c e c r a f t  w i l l  be launched by t h e  Shuttle- IUS combination, w i l l  
swing p a s t  J u p i t e r ,  and use  t h e  g r a v i t y  of t h a t  g i a n t  p l a n e t  t o  send one s p a c e c r a f t  over  t h e  n o r t h  po l e  o f  
t h e  Sun, and t h e  o t h e r  spacec ra f t  over  t h e  south  pole .  
p r ev ious ly  unknown information about t h e  Sun and i t s  dynamics and t o  advance our  understanding of  t h e  l i n k  
between s o l a r  a c t i v i t y  and weather and c l ima te  t r ends  on Earth. 

The Solar  Maximum Mission spacec ra f t ,  t oge the r  w i th  d a t a  from Explorer  s p a c e c r a f t  

To achieve  t h e  t r a j e c t o r i e s  

The measurements t o  be made a r e  expected t o  y i e l d  

Development of t h e  Space Telescope w i l l  cont inue.  This m u l t i p l e  purpose t e l e scope  w i l l  be launched by 
t h e  S h u t t l e  i n  1983, and w i l l  s e rve  a s  a h igh ly  v e r s a t i l e  astronomy observa tory  i n  space f o r  over  a decade. 
The Space Telescope w i l l  g r e a t l y  expand t h e  volume of space a c c e s s i b l e  f o r  observa t ion ,  c o n t r i b u t i n g  
s i g n i f i c a n t l y  t o  our understanding of t h e  o r i g i n  and evolu t ion  of  t h e  un ive r se  and i t s  energy-generat ing 
mechanisms . 

The t h r e e  High Energy Astronomy Observatory miss ions  have been s u c c e s s f u l l y  launched and a r e  y i e l d i n g  
important  s c i e n t i f i c  information.  These miss ions  a r e  designed t o  explore  t h e  h igh  energy phenomena 
observable  wi th  X-ray, gamma ray ,  and cosmic r a y  instruments .  Work i s  a l s o  underway on Explorer  s p a c e c r a f t  
t o  s tudy  u l t r a v i o l e t  and i n f r a r e d  astronomy and t h e  Sun-Earth r e l a t i o n s h i p s ,  and on payloads which w i l l  
c a p i t a l i z e  on t h e  unique c a p a b i l i t i e s  of t h e  Space S h u t t l e  and Spacelab. 

The recommended FY 1981 program a l s o  provides  f o r  i n i t i a t i o n  of t h e  Gamma Ray Observatory, a l o g i c a l  
next  s t e p  i n  h igh  energy a s t rophys i c s .  This miss ion  w i l l  conduct a comprehensive whole sky survey i n  t h e  
h i g h e s t  energy reg ion  of  t h e  e lec t romagnet ic  spectrum, which w i l l  advance knowledge of t h e  nuc l ea r  processes  
occu r r ing  i n  
neut ron  s t a r s  and b lack  holes .  SUM 4 

t h e  un ive r se ,  and o f  t h e  n a t u r e  and dynamics of  p u l s a r s ,  g a l a c t i c  gamma r a y  processes ,  



Order ly  p rogres s  i n  t h e  sys t ema t i c  exp lo ra t ion  o f  t h e  s o l a r  system i s  proceeding. The o b j e c t i v e s  o f  t h i s  
e f f o r t  are t o  unders tand t h e  o r i g i n  and evo lu t ion  o f  t h e  s o l a r  system and t o  b e t t e r  understand t h e  Ea r th  
through comparative s t u d i e s  wi th  o t h e r  p l ane t s .  Pioneer Venus o r b i t e r  cont inues  t o  provide  b a s i c  informat ion  
about  t h e  massive cloud covered atmosphere o f  Venus. The Voyager mis s ions ,  a f t e r  provid ing  a weal th  o f  new 
informat ion  about  J u p i t e r  and i t s  f o u r  l a r g e s t  moons, a r e  on t h e  way t o  Saturn.  The Voyager r e s u l t s  have added 
t o  ou r  confidence t h a t  t h e  Ga l i l eo  miss ion  t o  J u p i t e r  w i l l  a l s o  be a major mi l e s tone  i n  p l a n e t a r y  exp lo ra t ion .  
The major e f f o r t  i n  FY 1981 w i l l  be cont inued development e f f o r t  on t h e  G a l i l e o  miss ion  which w i l l  c a r r y  a probe 
t o  make d e t a i l e d  measurements of  t h e  atmosphere of  J u p i t e r  and an o r b i t e r  t o  conduct ex tens ive  obse rva t ions  o f  
t h e  p l a n e t  and i t s  s a t e l l i t e s .  Because o f  launch c a p a b i l i t y  cons ide ra t ions ,  i t  has  become necessa ry  t o  de l ay  
t h i s  miss ion  from t h e  p rev ious ly  planned launch dur ing  t h e  January  1982 oppor tun i ty  u n t i l  t h e  1984 oppor tun i ty  
and t o  conduct s e p a r a t e  launches  o f  two s p a c e c r a f t ;  one ca r ry ing  the o r b i t e r  and t h e  o t h e r  t h e  probe. 

A concen t ra t ed  s c i e n t i f i c  e f f o r t  i s  underway t o  analyze  and b r i n g  t o  bea r  on our unders tanding of  t h e  s o l a r  
system t h e  weal th  of  d a t a  acqui red  from a l l  r e l e v a n t  sources ,  i nc lud ing  t h e  p l a n e t a r y  f l i g h t  miss ions ,  t h e  
Hel ios  s o l a r  miss ions ,  t h e  l u n a r  f l i g h t  programs, ground-based obse rva t ions ,  l a b o r a t o r y  i n v e s t i g a t i o n s ,  and 
l u n a r  sample s tud ie s .  

The L i f e  Sciences r e s e a r c h  and development program suppor ts  NASA's  o v e r a l l  goa l s  and o b j e c t i v e s  i n  t h e  
exp lo ra t ion  and u t i l i z a t i o n  of  space by conducting s t u d i e s  i n  t h e  a r e a s  of  space b io logy and medicine and by 
expanding s c i e n t i f i c  knowledge i n  t h e  a r e a  of t h e  o r i g i n  and evo lu t ion  of  l i f e .  
r e a l i z a t i o n  o f  t h e s e  goa l s  encompasses a program o f  r e s e a r c h  involv ing  a composite of  d i s c i p l i n e s  i n  ground- 
based r e sea rch ,  i n  space f l i g h t  experiments and i n  p o s t - f l i g h t  l a b o r a t o r y  work bu i ld ing  on t h e  r e s u l t s  of  
t h e  f l i g h t  experiments. 

The p l an  t o  achieve  

SPACE AND TERRESTRIAL, APPLICATIONS 

The o b j e c t i v e  o f  t h e  Space App l i ca t ions  program i s  t o  develop, demonstrate and t r a n s f e r  space  technology,  
systems and r e l a t e d  c a p a b i l i t i e s  which can be app l i ed  f o r  p r a c t i c a l  b e n e f i t s  h e r e  on Earth.  
r e s e a r c h  and development covers  t h e  a r e a s  of  Resource Observat ions,  Environmental Observat ions,  M a t e r i a l s  
Process ing  and Communications. 
a v a i l a b i l i t y  and use  o f  technology developed i n  a l l  NASA programs i n t o  t h e  p r i v a t e  and p u b l i c  s e c t o r s  of t h e  
economy. 

Space Appl ica t ions  

Technology U t i l i z a t i o n  a c t i v i t i e s  a r e  designed t o  a c c e l e r a t e  and expand t h e  

I n  Resource Observat ions,  i d e n t i f i c a t i o n  and moni tor ing  by means of  remote sens ing  from space  have demon- 
s t r a t e d  new c a p a b i l i t i e s  t o  provide  d a t a  u se fu l  i n  such a r e a s  a s  a g r i c u l t u r a l  assessments,  water  r e sources  
management, c o a s t a l  zone moni tor ing ,  improvement o f  maps, l and  u s e  and s u r f a c e  mine monitoring,  f o r e s t r y  and 
range  r e sources  inventory ,  and minera l  and petroleum exp lo ra t ion .  Landsat  3 ,  launched i n  1978, i s  provid ing  
a wide v a r i e t y  o f  d a t a  a p p l i c a b l e  i n  t h e s e  areas .  Landsat-D, which w i l l  have a second gene ra t ion ,  h igh  
r e s o l u t i o n  remote sens ing  ins t rument- - the  themat ic  mapper--and t h e  f l i gh t- p roven  m u l t i s p e c t r a l  scanner ,  

SUM 5 



w i l l  con t inue  i n  development l ead ing  t o  launch i n  l a t e  1981. 
Capaci ty Mapping Mission cont inue t o  provide  va luable  information f o r  geophysical  and geologic  s t u d i e s  . Ex- 
periments  designed t o  t e s t  t h e  a p p l i c a b i l i t y  of a c t i v e  microwave measurements, and of h igh  r e s o l u t i o n  imagery 
f o r  mapping i n v e s t i g a t i o n s ,  a r e  planned f o r  f l i g h t  on e a r l y  S h u t t l e  missions.  J o i n t  a c t i v i t i e s  wi th  t h e  u s e r s  
cont inue  t o  demonstrate s p e c i f i c  a p p l i c a t i o n s  of t h e  remote sensing d a t a  i n  a wide v a r i e t y  of a reas .  

The Magnetic F i e l d  S a t e l l i t e  and t h e  Heat 

The j o i n t  e f f o r t  i n  a g r i c u l t u r a l  r e sea rch  w i th  t h e  Department of Agr i cu l tu re ,  t h e  Department of  Commerce, 
t h e  Department of  t h e  I n t e r i o r ,  and t h e  Agency f o r  I n t e r n a t i o n a l  Development w i l l  continue. This e f f o r t  
emphasizes t h e  use of remote sens ing  d a t a ,  t oge the r  w i th  o t h e r  d a t a  sources ,  t o  improve our  knowledge wi th  
emphasis on improved a g r i c u l t u r a l  e a r l y  warning and crop commodity fo recas t i ng .  

Space c a p a b i l i t i e s  a r e  a l s o  used i n  t h e  development of p r e c i s e  measurements o f  t h e  movements of t h e  E a r t h ' s  
c r u s t  and o t h e r  dynamic c h a r a c t e r i s t i c s  of t h e  Ear th  t o  support  r e sea rch  i n  ear thquake mechanisms. A j o i n t  
e f f o r t  w i th  t h e  United S t a t e s  Geological Survey, Nat ional  Science Foundation, Nat ional  Geodetic Survey, t h e  
Department of  Defense, and wi th  o t h e r  c o u n t r i e s ,  w i l l  begin t o  monitor  t h e  motion and i n t e r n a l  s t a b i l i t y  
of  s eve ra l  major t e c t o n i c  p l a t e s  and t o  determine t h e  c r u s t a l  deformation i n  s e i s m i c a l l y  a c t i v e  a reas .  

I n  t h e  a r e a  of Environmental Observat ions,  NASA i s  involved wi th  t h e  National  Oceanic and Atmospheric 
Adminis t ra t ion  and o t h e r s  i n  improving t h e  understanding of atmosphere and ocean p roces se s ,  providing space 
obse rva t ions  of parameters  involved i n  t h e s e  processes  and extending t h e  c a p a b i l i t i e s  t o  p r e d i c t  environ-  
mental phenomena and t h e i r  i n t e r a c t i o n  w i th  human a c t i v i t i e s .  
upper atmospheric r e sea rch ;  g loba l  weather p r e d i c t i o n ;  severe  storm re sea rch ;  c l imate  r e sea rch ;  environmental 
q u a l i t y  monitor ing;  and, oceanic  processes  research .  This i n t e g r a t e d  approach encompasses t h e  d i v e r s e  f i e l d s  
of  meteorology, c l imatology,  atmospheric chemistry,  atmospheric phys ics ,  and oceanography. The program 
focuses on t h e  s p e c i a l  c o n t r i b u t i o n s  space-derived d a t a  can make i n  t h e s e  f i e l d s .  

Areas of  r e sea rch  and development i nc lude  

NASA, i n  coopera t ion  wi th  o t h e r  Federal  agenc ies ,  i s  p a r t i c i p a t i n g  i n  a n a t i o n a l  program of c l ima te  r e-  
search.  Development w i l l  con t inue  on t h e  Ea r th  Radiat ion Budget Experiment. This  s a t e l l i t e  system i s  
designed t o  measure v a r i a t i o n s  i n  t h e  energy exchange between t h e  E a r t h ' s  atmosphere and space and o t h e r  
a tmospheric  f a c t o r s  important  t o  c l ima te  research.  

A Nat iona l  Oceanic S a t e l l i t e  System (NOSS) p r o j e c t  w i l l  be  i n i t i a t e d ,  i n  cooperat ion wi th  t h e  National  

The NOSS w i l l  be con- 
Oceanic and Atmospheric Adminis t ra t ion  and t h e  Department of Defense, t o  demonstrate an ope ra t i ona l  capa- 
b i l i t y  f o r  a p p l i c a t i o n  of remote sens ing  from space t o  t h e  oceanographic program. 
f i gu red  a s  a two s a t e l l i t e  system, launched and capable of  r e t r i e v a l  by t h e  S h u t t l e ,  i n t e g r a t e d  w i th  a 
s i n g l e  preprocess ing  and d a t a  d i s t r i b u t i o n  c e n t e r  on t h e  ground. 

Research and development w i l l  a l s o  be pursued i n  environmental q u a l i t y  monitor ing and i n  oceanographic 
a r e a s  r e l a t e d  t o  t h e  remote sens ing  c a p a b i l i t i e s  of spaceborne systems. Work w i l l  be i n  progress  i n  FY 1981 
on atmospheric  experiments t o  be conducted on Spacelab missions.  
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Mate r i a l s  Processing r e sea rchand  development a c t i v i t i e s a r e  designed t o  e x p l o i t  t h e  unique c h a r a c t e r i s t i c s  of 
t h e  space environment t o  achieve r e s u l t s  which a r e  no t  p o s s i b l e  o r  p r a c t i c a l  on Earth. 
conducted i n  l a b o r a t o r i e s  and wi th  sounding rocke t s  t o  b u i l d  on t h e  r e s u l t s  o f  t e s t s  conducted on previous 
space f l i g h t s  and t o  prepare  f o r  experiments t o  be conducted on f u t u r e  Spacelab missions.  The FY 1981 program 
provides  f o r  cont inued development of  equipment and r e l a t e d  a c t i v i t i e s  f o r  experiments t o  be conducted on e a r l y  
Spacelab miss ions  and f o r  enhancement of  r e s e a r c h  a c t i v i t i e s .  

Experiments a r e  being 

Communications r e sea rch  and development e f f o r t s  concen t r a t e  on advanced technology f o r  communications 
s a t e l l i t e  systems wi th  s i g n i f i c a n t l y  improved c a p a b i l i t i e s  and on provid ing  t echn ica l  support  and consu l t a t i on  
t o  o t h e r  Government agencies.  
o p e r a t i v e  ven tu re  w i t h  o t h e r  U.S. agencies ,  Canada, and France, t o  demonstrate improved c a p a b i l i t i e s  €o r  
d e t e c t i n g  and l o c a t i n g  d i s t r e s s  s i g n a l s  from a i r c r a f t  and marine ves se l s .  
con t inua t ion  of advanced communications r e s e a r c h  a c t i v i t i e s ,  and d e f i n i t i o n  s t u d i e s  and advanced technology 
development on an experimental wideband communications s a t e l l i t e  t o  o p e r a t e  i n  t h e  newly a l l o c a t e d  30120 
GHz spectrum bands. 

Development i s  proceeding on t h e  s ea rch  and r e scue  s a t e l l i t e  system, a co- 

The Fy 1981 program a l s u  i nc ludes  

Technology u t i l i z a t i o n  a c t i v i t i e s  a r e  designed t o  a c c e l e r a t e  t h e  t r a n s f e r  t o  t h e  nonaerospace i n d u s t r y ,  as  
w e l l  as S t a t e  and l o c a l  governments, of new knowledge and innova t ive  technology genera ted  by NASA and NASA 
con t r ac to r s .  During FY 1981, NASA w i l l  cont inue  i t s  e f f o r t s  t o  a s su re  e f f e c t i v e  and widespread d issemina t ion  
of  new technology through a v a r i e t y  o f  e s t a b l i s h e d  mechanisms inc luding  p u b l i c a t i o n s ,  i n d u s t r i a l  a p p l i c a t i o n s  
c e n t e r s ,  a computer sof tware  management and informat ion  c e n t e r ,  S t a t e  technology a p p l i c a t i o n s  c e n t e r s ,  s p e c i a l  
a p p l i c a t i o n  teams, and a p p l i c a t i o n s  engineer ing  p r o j e c t s .  

AERONAUTICS AND SPACE TECHNOLOGY 

The o b j e c t i v e  of  t h e  Aeronaut ics  program i s  t h e  advancement of  ae ronau t i ca l  technology t o  ensure s a f e r ,  
more economical, e f f i c i e n t  and environmental ly  acceptab le  a i r  t r a n s p o r t a t i o n  systems which a r e  respons ive  t o  
c u r r e n t  and p ro j ec t ed  n a t i o n a l  needs. This technology i s  necessary  t o  he lp  main ta in  t h e  compet i t ive  p o s i t i o n  
of t h e  United S t a t e s  i n  t h e  i n t e r n a t i o n a l  a v i a t i o n  marketplace and t o  a i d  t h e  m i l i t a r y  i n  main ta in ing  t h e  
s u p e r i o r i t y  of  t h e  Nat ion ' s  m i l i t a r y  a i r c r a f t .  

Research and technology base a c t i v i t i e s  concen t r a t e  on t h e  d i s c i p l i n a r y  a r ea s  of m a t e r i a l s ,  s t r u c t u r e s ,  
p ropuls ion ,  av ion ic s ,  aerodynamics and human-vehicle i n t e r a c t i o n s  t o  provide  advanced technology e s s e n t i a l  t o  
meet ing t h e  f u t u r e  needs of  c iv i l  av i a t i on .  A s t rong  gene r i c  r e sea rch  and technology base i s  c r i t i c a l  t o  
cont inued growth and improvement i n  United S t a t e s  ae ronau t i ca l  c a p a b i l i t i e s .  Emphasis w i l l  con t inue  t o  be  
p laced  on developing t h e  technology t o  improve performance, reduce energy requirements ,  enhance ope ra t i ng  
e f f i c i e n c y ,  reduce undes i r ab l e  environmental e f f e c t s ,  improve s a f e t y  and r e l i a b i l i t y ,  and improve te rmina l  
a r e a  ope ra t i ons  f o r  a v a r i e t y  of  a i r c r a f t  types. These e f f o r t s  a r e  i n t e g r a t e d  w i th  add i t i ona l  focused tech-  
nology e f f o r t s  t o  develop advanced long  haul  and s h o r t  haul  a i r  t r a n s p o r t a t i o n  system concepts.  
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I n  t h e  a r e a  o f  conventional  take- off  and l and ing  a i r c r a f t ,  p rog res s  w i l l  cont inue  on a i r c r a f t  energy 
e f f i c i e n c y  technology t o  provide ,  by t h e  mid-19801s, t h e  b a s i s  f o r  a major r educ t ion  i n  f u e l  requirements f o r  
t r a n s p o r t  a i r c r a f t .  I n  a d d i t i o n  t o  e f f o r t s  c u r r e n t l y  i n  p rogres s ,  t h e  recommended FY 1981 program inc ludes  
a nex t  s t e p  i n  advanced turboprop system technology t o  develop and v e r i f y  p r o p e l l e r  s t r u c t u r a l  and aerodynamic 
s c a l i n g  methodology f o r  p r o p e l l e r s  f o r  advanced turboprop propuls ion  systems. 

I n  t h e  a r e a  o f  r o t o r c r a f t ,  focused systems technology e f f o r t s  i n i t i a t e d  i n  FY 1980 w i l l  be  continued. The 
n e a r  term o b j e c t i v e  i s  t o  develop v e r i f i e d  des ign  methods and design c r i t e r i a  f o r  f u t u r e  q u i e t ,  e f f i c i e n t  and 
a l l  weather  r o t o r c r a f t  and t o  i n v e s t i g a t e  conf igu ra t ion  and component technology f o r  advanced h igh  speed 
and heavy l i f t / t r a n s p o r t  r o t o r c r a f t  con f igu ra t ions .  

Propuls ion  systems technology a c t i v i t i e s  w i l l  i nc lude  con t inua t ion  of  t h e  v a r i a b l e  f low propuls ion  system 
technology t o  develop and demonstrate t h e  c r i t i c a l  lower speed and lower temperature technologies  unique 
t o  v a r i a b l e  c y c l e  propuls ion  systems f o r  p o s s i b l e  advanced supersonic  c r u i s e  a i r c r a f t ,  and development of  
a n a l y t i c a l  models and p r e d i c t i v e  t a s k s  r e q u i r e d  f o r  des igning  t u r b i n e  engine  h o t  s e c t i o n  components f o r  i n-  
c reased  d u r a b i l i t y  and t u r b i n e  l i f e .  

General a v i a t i o n  a c t i v i t i e s  w i l l  focus on t h e  r educ t ion  of  n o i s e  emiss ions ,  c r a s h  wor th iness  and advanced 
low c o s t  av ion ic s  systems. Work on v e r t i c a l  take-off  and landing  technology f o r  p o t e n t i a l  f u t u r e  m i l i t a r y  
and c iv i l  a i r c r a f t  a p p l i c a t i o n s  w i l l  be continued. Supersonic c r u i s e  r e s e a r c h  w i l l  focus on technology 
i n  t h e  a r e a s  of  propuls ion ,  aerodynamics, s t r u c t u r e s ,  and con t ro l s .  Research and technology e f f o r t s  i n  
t h e  a r e a  o f  h igh  performance a i r c r a f t  w i l l  be conducted p r i m a r i l y  i n  suppor t  o f  c u r r e n t  and f u t u r e  m i l i t a r y  
requirements . 

The o b j e c t i v e s  o f  t h e  Space Research and Technology program a r e  t o  p rov ide  a technology base  which w i l l  
adequate ly  suppor t  c u r r e n t  and f u t u r e  space  a c t i v i t i e s  and t o  implement approaches f o r  f u r t h e r  reducing  t h e  
c o s t s  o f  f u t u r e  space a c t i v i t i e s  through improvement o f  components. 
o f  r e s e a r c h  and technology i n  t h e  a r e a s  of  m a t e r i a l s ,  s t r u c t u r e s ,  s ens ing  and d e t e c t i o n ,  guidance and c o n t r o l ,  
d a t a  r educ t ion  and d i s t r i b u t i o n ,  chemical and e lec t r i c  propuls ion ,  space  energy systems and aerothermodynamics. 

The program provides  a sound foundation 

Systems technology e f f o r t s  i nc lude  s t u d i e s  t o  focus t h e  technology a c t i v i t i e s  i n  d i r e c t i o n s  which provide  
maximum b e n e f i t s  t o  f u t u r e  space programs. Other systems technology e f f o r t s  a r e  d i r e c t e d  a t  developing t h e  
technology f o r  advanced space communications systems and f o r  conducting s e l e c t e d  experiments i n  space. During 
FY 1981, experiments w i l l  con t inue  t o  be i n t e g r a t e d  w i t h  t h e  Long Dura t ion  Exposure F a c i l i t y  which w i l l  be  
mainta ined  ready f o r  i n t e g r a t i o n  w i t h  t h e  S h u t t l e .  
ducted on e a r l y  S h u t t l e ,  Spacelab,  and f r e e- f l y i n g  miss ions  w i l l  be continued.  

The development and i n t e g r a t i o n  o f  experiments t o  be con- 

I n  t h e  s t anda rds  and p r a c t i c e s  a r ea ,  emphasis i s  being p laced  on completion o f  s t anda rd  hardware f o r  u se  
on m u l t i p l e  miss ions ,  product  improvement through component upgrading,  and improvement o f  program p r a c t i c e s ,  
concen t ra t ing  on such a reas  a s  s p e c i f i c a t i o n s ,  t e s t i n g ,  and f l i g h t  p r o j e c t  ana lys i s .  An independent a s ses s-  
ment o f  Space S h u t t l e  c e r t i f i c a t i o n  a c t i v i t i e s  i s  be ing  conducted. 
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Energy Technology e f f o r t s  i n  NASA a r e  p r i m a r i l y  d i r e c t e d  toward i d e n t i f y i n g  t h e  technology developed i n  t h e  
ae ronau t i c s  and space program which has p o t e n t i a l  f o r  making major c o n t r i b u t i o n s  t o  t h e  s o l u t i o n  of  energy 
problems on Earth. NASA provides t e c h n i c a l  support  t o  t h e  programs undertaken by o t h e r  agencies  t o  develop 
s p e c i f i c  a p p l i c a t i o n s  such as s o l a r  cel ls ,  s o l a r  hea t ing  and cool ing ,  and e l e c t r i c  power genera t ion  by wind 
power. NASA a l s o  makes i t s  c a p a b i l i t i e s  and f a c i l i t i e s  a v a i l a b l e  t o  t h e  Department of Energy and o t h e r  
agenc ies  t o  accomplish energy technology a c t i v i t i e s  on a reimbursable  b a s i s .  

TRACKING AND DATA ACQUISITION 

This program provides f o r  con t inua t ion  of  t r ack ing  and d a t a  a c q u i s i t i o n  support  f o r  e a r t h  o r b i t a l  space-  
c r a f t ,  p l a n e t a r y  miss ions ,  sounding r o c k e t s ,  and r e sea rch  a i r c r a f t .  This  suppor t  i s  provided by a worldwide 
network o f  NASA ground s t a t i o n s ,  i n t e r connec t ed  by a h igh ly  r e l i a b l e  communications system which provides  
t h e  c a p a b i l i t y  f o r  ins tan taneous  t ransmiss ion  of d a t a  and c r i t i c a l  commands between s p a c e c r a f t  and t h e  f l i g h t  
con t ro l  cen t e r s .  F a c i l i t i e s  a r e  a l s o  provided t o  process  i n t o  meaningful form t h e  l a r g e  amounts of  s c i e n t i f i c ,  
a p p l i c a t i o n s ,  and engineering d a t a  which a r e  c o l l e c t e d  from f l i g h t  p r o j e c t s .  

The FY 1981 workload w i l l  remain high,  wi th  t h e  Spacecraf t  Tracking and Data Network suppor t ing  an average 
o f  approximately 40 e a r t h  o r b i t a l  s c i e n t i f i c  and a p p l i c a t i o n s  s p a c e c r a f t  and t h e  Deep Space Network suppor t ing  
a f u l l  complement of p l a n e t a r y  missions.  
c lude  t h e  High Energy Astronomical Observa tor ies ,  t h e  Heat Capacity Mapping Mission,  Landsat-3, Magnetic 
F i e l d  S a t e l l i t e ,  Nimbus-5, I n t e r n a t i o n a l  Sun-Earth Explorers ,  I n t e r n a t i o n a l  U l t r a v i o l e t  Explorer ,  a s  wel l  
as  i n t e r n a t i o n a l  miss ions  and miss ions  of  o t h e r  U.S. Agencies. The Space f l i gh t  Tracking and Data Network 
w i l l  a l s o  be suppor t ing  t h e  S h u t t l e  o r b i t a l  f l i g h t  t e s t s .  The support  workload of  t h e  Deep Space Network 
w i l l  con t inue  t o  i nc lude  t h e  Pioneer  6-11 miss ions ,  Hel los  1 and 2 and Voyager 1 and 2 a s  wel l  as  Pioneer  
Venus . 

Missions supported by t h e  Space f l i gh t  Tracking and Data Network in-  

A major a spec t  of t h e  Tracking and Data Acquis i t ion  program i n  f u t u r e  yea r s  w i l l  be t h e  Tracking and Data 
Relay S a t e l l i t e  System (TDRSS), which w i l l  support  e s s e n t i a l l y  a l l  e a r t h  o r b i t a l  s p a c e c r a f t  miss ions  and 
w i l l  g r e a t l y  improve NASA's  e a r t h  o r b i t a l  t r ack ing  and d a t a  a c q u i s i t i o n  c a p a b i l i t i e s .  NASA w i l l  a cqu i r e  
t h i s  c a p a b i l i t y  through an arrangement under which t h e  c o n t r a c t o r  w i l l  e s t a b l i s h  t h e  system and provide  NASA 
wi th  TDRSS s e r v i c e s  beginning i n  1981. 
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NATIONAL AER.ONAUTICS AND SPACE ADMINI STRATION 

PROPOSED A P P R O P R I A T I O N  LANGUAGE 

Feiieml FuMb 
General and special funds: 

RESEARCH AND DEVELOPMENT. 

'See Part III for additional information. 

For necessary expenses, not otherwise provided for, including re- 
search, development, operations, services, minor construction, mainte- 
nance, repair, rehabilitation and modification of real and personal 
property; tracking and data relay satellite services as authorized by 
law; and purchase, hire, maintenance, and operation of other than 
administrative aircraft, necessary for the conduct and support of aero- 
nautical and space research and development activities of the Nation- 
al Aeronautics and Space Administration[; and including not to 
exceed $116,100,000 for Project Galileo and not to exceed $18,300,000 
for space transportation system upper stages, without the approval of 
the Committees on Appropriations, $3,807,500,000] &,569,500,000, to 
remain available until September 30, I19811 1982. (42 U.S.C. 2/51, et 
seq.; Department of Housing and Urban Development-Zndependent 
Agencies Appropriation Act, 1980; additional authorizing legislation to 
&Proposed) 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

RESEARCH AND DEVELOPMENT 

Program and Financing (in thousands of dollars) 

Casts and digalms I n (mxmls IM exarch and 
ldatifrclln mdr 80-0108-0-1-999 % t rtm pogranrd) 

1979 Xtul 1980 at 1981 rst 1979 1980 & 1981 SI 

Program by activitii: 
Direct program: 

1. Space transportation systems: 
(a) Space shuttle ........................ 
(b) Space flight operations .................................. 
(c) ExpendaMe launch vehicle development .................. 

2. Se i t i f i c  investigations in space: 
(a) Physics and astronomy ........................................... 

(e) Life sciences ..................... 

(a) Space appllcatis .................................................. 
(b) Technology utilization .............................................. 

4. Space research and technology .......... 
5. Aeionautical research and technology 
6. Energy technology .............................. 
7. Suppwting mty: 

(a) Tracking and data acquisition ................................. 
Total direct program ............................................. 

Reimbursble program: 
1. Space transportabon systems: 

2. Scient i i  investigatiw in space: 

(a) Space shuttle .......................................................... 
(b) Space flight opera t i s  ........................................... 

(a) Physics and astronomy ........................................... 
(b) Planetary exploration 
(c) Life sciences ............................ 

S. Space and terrestrial appliitions: 
(a) Space applications .................................................. 
(b) Technology utilization 

4. Space research and technology ...................................... 
5. Aeronautical research and technology ............................ 
6. Energy technology ........ 
7. Supporting activii: 

(a) Tracking and data acquisition ................................. 
Total reirnbmabk program .................................. 
Total program wsts, fu 

Change in selected resources 
stores) ........................................................................... 

10.00 Total .......................................................................... 

1,638,300 1,586,000 1,873,000 1,588,332 1,601,000 1,897,000 

38,700 36,100 50,400 68,797 41,490 65,700 

2 9 6,4 0 0 339,200 438,700 266,450 337,400 387,400 
183,400 219,900 179,600 189,501 209,300 204,800 

299,700 446,600 809,500 307,039 412,100 688,000 

40,100 43,800 49,700 29,959 46,500 38,500 

295,200 364,300 387,000 277,342 362,110 366,100 
9,100 12,100 13,100 7,571 9,800 9,800 

107.300 115.800 115.200 94.922 117.100 114.300 
264,100 308,300 2 9 0 ; 3 0 0 244;275 279;700 302:800 
5,000 3,000 4,000 6,887 3,700 4,100 

299,900 332,400 359,000 292,653 323,200 355,900 
3,477,200 3,807,500 4,569,500 3 ~ 3 7 3 I 7 2 8 3,743,400 4,434,400 

46,673 22,820 16,120 29,299 25,990 17,990 
72,762 91,660 157,590 62,579 84,940 144.350 

1,234 610 510 1,617 790 540 
10 ........................................................ 6 4 ............................ 
297 233 180 255 230 198 

137,567 162,330 93,440 114,074 168,340 11 1,480 
16,132 13,460 13,220 12,235 17,800 13,490 
1.055 - 20 2 1.460 719 2 
19,763 12,240 9,870 191998 15,750 10,600 
196,311 224,430 275,400 134,489 213.370 267,670 

4,300 4,410 4,668 4,354 4,240 4,680 
496,104 532,173 571,000 380,366 532,173 571,000 

3,973,304 4,339,673 5,140,500 3,754,094 4,275,573 5,005,400 

115,133 488.991 135,100 
3,973.304 4,339,673 5,140,500 3,869,227 4,764,564 5,140,500 

.................................................................................... 

SUM 11 



11.00 
14.00 

11.00 
14.00 

21.40 

23.40 
24.40 

25.00 
40.00 

General and special funds-continued 
RESEARCH AND DEvELoPMENT-ConthUed 

Program and Financing (in thousands of dollars)--Continued 
Bud et en ( m l s  la research and 
L~tlapmnt xtms pogramed) 

Cortr md d4igatms 
w m t m  code 80-0108-0-1-999 

1979 actual 1980 at 1981 at 1979 actual 1980 Kt 1981 est - 
Financine: 

MsettTng ~ d l e ~ t i s  from: 

Reallocation of prior year unobligated reimbursak orders to 

Federal funds ...................................................................... -380,871 -412,130 -478.563 -380,871 
Non-Federal mm ............................................................ -115,233 - 120,043 -92,437 -115,233 

Federal funds ............. .......................................... ............................. 25,552 
Non-Federal sources... ..... 10,021 

wrrent year: 

Unobligated balance available, start of year: For completion 

Direct ................................................................................. 
Reimbursable ...................................................................... 

Unobligated balance transferred to other accounts .___. 
Unobligated balance available, end of year: For completion of 

Direct ................................................................................. 
Reimbursable ...................................................................... 

of prior year budget plans: 

prior year budget plans * 

Unobligated balance lapsing ......... 

.................................................................................... -240,403 

.................................................................................... - 116,945 

.................................................................................... 680 

.................................................................................... 239,006 

.................................................................................... 185,885 

.................................................................................... 282 
3,47730 3,807,500 4,569,500 3 ,477m 

-412,130 
- 120,043 

-478,563 
-92,437 

-239,006 
- 185,885 ............................ 

............................ 

............................ 

3,807,500 4,569,500 

Relation of obligations to outlays: 
71.00 Obligations incurred. net ............................................................................................................................................................ 3,408,696 4,232,391 4,569,500 
72.40 Obligated balance, start of year ................................................................... 515,865 785,812 1,364,303 
74.40 Obligated balance, end of year ..................................................................... -785,812 - 1,364,303 -1,789,603 
90.00 Outlavs. .............................................................................. 3.138.749 3.653.900 4.144.200 

Note --Recwllutm 01 budget plan to d4igations 
1979 xhwl I980 ahmate 1981 stmte 

Total budget plan 3 973.304 4,339,613 5,137,400 
Deduct pMtm 01 budget #an to be obligated in subsequent p r s  
Md oMigatms of pnr par M g e t  Cns 

348 368 
244 292 124 891 

Total obligatms 3 869 227 4 764 564 5 137 400 
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Code 
253 
253 
253 

- 

254 
254 
254 

254 
254 

40 2 
254 
254 

255 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1981 ESTIMATES 

BUDGET PLAN SUMMARY 

Fy 1979 FY 1980 FY 1981 
(Thousands of Dollars) 

SPACE TRANSPORTATION SYSTEMS 
Space Shuttle......................~~..~~~~.~..~~~~~o~o 
Space flight operations...............*....*......*.... 
Expendable launch vehicles.................,........... 

SPACE SCIENCE 
Physics and astronomy.................................. 
Planetary exploration.................................. 
Life sciences..................a...........s.~......... 

SPACE AND TERRESTRIAL APPLICATIONS 
Space applications...................****............*. 
Technology utilization................................* 

AERONAUTICS AND SPACE TECHNOLOGY 
Aeronautical research and technology................... 
Space research and technology........................*. 
Energy technology.........................*....-....... 

TRACKING AND DATA ACQUISITION 

2,011,600 
1,638,300 

299,700 
73,600 

505,400 
282,900 
182,400 
40,100 

283,900 
274,800 
9,100 

376,400 
264,100 
107,300 

5,000 

299,900 

3,47 7 ,200 

2,403,3005; 
1,886,000;k 
446,600 
70,700 

600,800 
337,100 
219,900 
43,800 

343,900 
331,800 
12,100 

427,100 
308,300 
11 5,800 

3,000 

332,400 

4,107,500* 

2,738,200 
1,873,000 
809,500 
55,700 

668,000 
438,700 
179,600 
49,700 

394,800 
381,700 
13,100 

409,500 
290,300 
11 5,200 
4,000 

359,000 

4,569,500 

"Includes proposed supplemental appropriation o f  $300,000,000 for Space Shuttle. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Code - 

253 

254  

255 

( 2 5 0 )  

40 2 

RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1981  ESTIMATES 

SUMMARY OF BUDGET PLAN BY SUBFLJNCTION 

FY 1979  FY 1980 FY 1981 
(Thousands of Dollars) 

Space Flight............................... ............. 2,011,600 2,403,300" 2,738,200 

Space Science, Applications and Technology.............. 901,600 1 ,063,500 1 ,182,000 

Supporting Space Activities.................~.~.ooo~.... 299,900 332,400 359,000 

Subtotal, General Science, Space and Technology.. ..... 3,213,100 3,799,200'; 4,279,200 

Air Transportation.............oo.o...........o......... 264,100 308 , 300 290 , 300 

4,569,500 Total........................o.....o.o.....~........ 3,477,200 4,107,5005: 

*Includes proposed supplemental of $300,000,000 f o r  Space Shuttle. 
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NATIONAL AERONAUTICS AND SPACE AMINISTRATION 

FISCAL YEAR 1981 ESTIMATES 

DISTRIBUTION OF RESEARCH AND DWEIDDPHENT BUDGET P U N  BY INSTALUTION AND FISCAL YEAR 
(Thousands of Dollars) 

PROGRAM 

National Dryden 
Johnson Kennedy Marshall Space Goddard Jet Wallops Ames Flight Langley Lewis 
Space Space Space Flight Technology Space Flight Propulsion Flight Research Research Research Research NASA 
Center Center Center Laboratories Center Laboratory Center Center Center Center Center Headquarter 

Space Shuttle 

Space flight operations 1919 
1980 
1981 

Expendable launch vehicles 1979 
1980 
1981 

700 2.300 4,300 171;300 _ _ _  00 338.200 845.000 10.700 50,600 200 --- 

_-- --- 3,784 

809,500 210,70( 138,500 436.700 5.200 7,100 zoo --- 100 --- 11,000 

_ _ _  _ _ _  -_- _ _ _  299,700 145,752 66,154 72,554 5,900 5,556 
446,600 140,850 87,800 197,350 5,500 7.800 200 --- --- _ _ _  100 _ _ _  7,000 --- __-  
73,600 _ _ _  9,600 _._ --- 40.496 _ _ _  _ _ _  _ _ _  _ _ _  10,540 12,000 964 

5,064 16.892 2,108 70,700 --- 3,671 --- _ _ _  42,965 _ _ _  _ _ _  --- __ -  
--- 2.200 4.300 2.900 55.700 --- 2.800 _ _ _  _ _ _  43,500 _ _ _  _ _ _  _ _ _  

511,594 
462, 800 
408,300 

OFFICE OF SPACE SCIENCE, 
TOTAL 1979 

1980 
1981 

6,350 
7.600 
5,500 

185 56,760 505,400 24.177 560 125,099 _ _ _  87,048 128,983 7,028 74,323 185 1,052 
600,800 27.148 2,536 155.271 _ _ _  83,665 195.694 5,678 58,036 164 106 _ _ _  72,502 
668.000 34.381 3.487 177.658 .__ 121.608 184.600 6,874 53.078 288 77 --- 85,949 

Planetary exploration 1979 
1980 
1981 

Life sciences 1979 
1980 
1981 

3,749 107.899 --- 40,841 --- __- _ -_  24.972 182,400 4,115 --- 824 -__ 
219,900 6,012 --- 45 _--  3,757 140,067 --- 30,953 --- 7 _ _ _  39.059 
179,600 5,990 --- 75 3,780 101,877 --- 28,340 --- .-_ - _ _  39,538 _ _ _  

_ _ _  1,770 --- 13,081 185 _ _ -  --- 5.123 _ _ _  1,677 --- 14,266 164 40 _ _ _  7,507 
40,100 19,716 225 _ _ _  _ _ _  
43,800 19,423 723 _ _ _  _ _ _  
49.700 22.210 1.129 _ _ _  - -_  _ _ _  1.746 --- 15,837 288 40 --- 8,450 

185 26.665 :%:I 337,100 I 1,713 1,813 155,226 _ _ _  79,908 53,950 5,678 12,817 --- 59 _ _ _  25,936 
1981 438,700 6.181 2,358 177,583 _ _ _  117,828 80.977 6,874 8,901 - - -  37 _ _ _  37,961 

Physics and astronomy 282,900 346 335 124,275 _ _ _  83.299 19,314 7,028 20,401 --- 1,052 

OFFICE OF SPACE AND TERRES- 
TRIAL APPLICATIONS. TOTAL 1979 

1980 
1981 

283,900 24,291 620 26,974 3,199 159,941 23,520 3,118 8,716 54 10.499 5,709 17,259 
343,900 25,430 1,528 29,255 3.040 183,120 20,163 4,215 16,930 37 15,348 11,168 33,666 
394.800 42,140 345 24.490 3.795 199,650 23.560 4,765 19.545 50 13.695 17.750 45.015 

Technology utilization 1979 
1980 
1981 

Space applications 

562 - _- 865 569 4 733 54 710 415 4,943 

750 6,000 

9,100 145 100 
12,100 100 100 550 100 800 1,700 300 920 37 800 800 5.893 
13.100 150 150 540 75 880 1.990 375 1.250 50 890 

9.789 5,294 12,316 :%I 331,800 1 25:330 1,428 28,705 2,940 182,320 18,463 3.915 16,010 --- 14,548 10,368 27,773 
1981 381,700 41,990 195 23,950 3,720 198.770 21,570 4,390 18,295 --- 12,805 17,000 39,015 

274,800 24 146 520 26,412 3,199 159,076 22.951 3,114 7,983 --- 

OFFICE OF AERONAUTICS AND 
SPACE TECHNOLOGY. TOTAL 1979 

1980 
1981 

376,400 7,179 --- 11,597 _ _ _  9.656 23.567 614 58.468 8,903 116,643 131,091 8,682 
427,100 10.540 --- 8,367 _ _ _  8,848 24.503 600 64.681 13.300 143,682 142,122 10,457 
4W.500 8.550 --- 9,200 _ _ _  9.400 23.350 500 63.200 13.200 139.900 134.700 7.500 

Energy technology 1979 
1980 
1981 

Aeronautical research 
and technology 

--- 1,265 720 _ _ -  978 22 
- -_ 700 150 

5,000 650 --- 1,205 --- _ _ _  1.160 --- --- _ _ _  
3,000 --- --- 1,000 _ _ _  .._ 
4.000 150 --- 1,250 _ _ _  _ _ _  1.750 --- - _ -  _ _ _  --- _ _ _  1,000 --- 

Space research and 
technology 

OFFICE OF SPACE TRACKING 
AND DATA SYSTEMS 1979 

1980 
1981 

264.100 1 1.245 --- 1,113 _-_ _ _ _  308,300 495 --- 725 
1981 290,300 200 --- 800 _ _ _  

299,900 --_ --- --_ - _ _  216,557 59,021 5,800 --- 3,150 --- _ _ _  15.372 
332,400 _ _ _  - -_  _ _ _  _ _ _  234,000 69,800 6,500 --- 3,300 _ _ _  --- 18.800 
359.000 _ _ _  _ _ _  _ _ -  _ -_  249.700 74.400 9,800 ---  3.600 --- --- 21.500 

_-_ 1,489 614 48,564 8,903 92.171 106,960 3,041 _ _ _  830 600 54,800 13,300 115,800 117.450 4,300 
- -_ 800 500 53,400 13.200 109.900 108,100 3,400 

1979 107,300 5,284 --- 9,279 _ _ _  9.656 20,918 --- 9,904 --- 24,472 22,866 4,921 
8,848 22,673 --- 9.881 --- 27.882 23,694 6,135 

1981 115,200 8,200 --- 7,150 _ _ _  9,400 20,800 --- 9,800 --- 30,000 25,900 3,950 
19801 115,8001 10,045 --- 6,642 - -_ 

TOTAL BUDGET PLAN 1,151,174 233.534 747,818 15,449 519,254 235,091 16,560 141,517 13,116 138,827 149,185 115.675 
1,302,568 300,335 853,043 16.140 560,398 310,360 16,993 139,647 18,201 164,400 170,182 255.233 
1,399,971 342,032 1,056,348 14,495 630.958 306,110 21.939 135,823 17,838 155,972 156,750 331,264 

I I I 

*Includes aupplemntal request of $300 million. 
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Programs 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1981 ESTIMATES 

RESEARCH AND DEVELOPMENT BUDGET PLAN FOR SPACE TRANSPORTATION SYSTEMS 

Budget P l a n  

1979 Budget Current  Budget 
Actual  E s t i m a t e  E s t i m a t e  E s t i m a t e  

(Thousands of D o l l a r s )  

1980 1981 

Space Shuttle............................,................. 1,638,300 1,366,000 1 , 8 8 6 , 0 0 0 ~ ~  1,873,000 

Space f l i g h t  operations................................... 299,700 467,300 446,600 809,500 

Expendable l aunch  vehicles................................. 73  , 600 70,700 70,700 55,700 

* Inc ludes  proposed supplemental  r e q u e s t  of $300,000 , 000 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1981 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF SPACE TRANSPORTATION SYSTEMS SPACE SHUTTLE PROGRAM - 

S LJMMARY OF RESOURCES REQUIREMENTS 

1980 1981 
1979 Budge t Cur ren t  Budget Page 

No. Es t ima te  __ Ac t u a  1 E s t  i m s  t e  Es t ima te  
(Thousands of  D o l l a r s )  

683,000 Design,  Development, T e s t  and E v a l u a t i o n  ............ 1,270,300 830,500 1,030,500 

O r b i t e r  560 , 900 320,900 RD 1- 7 
Main e n g i n e  ....................................... 172,700 140,600 140 , 600 145,700 RD 1-11 
E x t e r n a l  t ank  68,403 79,400 48,000 RD 1-13 
S o l i d  r o c k e t  b o o s t e r  .............................. 115,400 57 , 500 61,200 14,000 RD 1-15 
Launch and l a n d i n g  ................................ 149,600 143,200 188,400 154,400 RD 1- 17 

........................................... 727,800 420,800 

..................................... 104,800 

Changes/System Upgrading ............................ - - -  - - -  100 , 000 150,000 RD 1-20 

P r o d u c t i o n  .......................................... 368,000 755,500_ __ 7 5 5,500 1,040 002 

O r b i t e r .  ......................................... 264,500 570,600 572,600 768,200 RD 1- 2 2  
....................................... 121,500 RD 1-23 Main eng ine  75,500 109,900 123,600 

Launch and l a n d i n g  ................................ 7,000 20 , 000 16,400 40,400 RD 1-23 
Spares  and equipment .............................. 21,000 55 000 42,900 109,900 RD 1-23 

T o t a l  .......................................... 1.638.300 1,586,000 1.886.000" 1.873.000 
~~ 

*Inc ludes  Supplemental  r e q u e s t  of  $300,000,000. 
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D i s t r i b u t i o n  of Program Amount by I n s t a l l a t i o n :  

Johnson Space Cen te r  ........................... 
Kennedy Space Cen te r .  .......................... 
Marsha l l  Space F l i g h t  Cen te r  ................... 
N a t i o n a l  Space Technology L a b o r a t o r i e s  ......... 
Ames Research Cen te r  ........................... 
Dryden F l i g h t  Research Cen te r  .................. 
Langley Research Cen te r  ........................ 
L e w i s  Research Cen te r  .......................... 
Headquar t e r s  ................................... 
T o t a l  .......................................... 

1979 
Ac tua  1 

949,775 
156,600 
5 11,594 

6,350 
10 

824 
93 

200 
12,854 

1,638,300 

1980 1981 
Budget C u r r e n t  Budget 

E s t ima t e Es t ima te  E s  t ima t e 
(Thousands of D o l l a r s )  

973,500 
164 , 200 
427,500 

4,000 

1,500 
100 

15,200 

- - -  

- - -  

1,098 , 600 
204 , 800 
462 , 800 

7,600 

1,400 
100 

110,700 

- - -  

- - -  

1,104,200 
196,900 
408,300 

5,500 

700 
- - -  
- - -  
- - -  

157 , 400 

1,586,000 1.886.000 1,873.000 ---- 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1981 ESTIMATES 

OFFICE OF SPACE TRANSPORTATION SYSTEMS SPACE SHUTTLE PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The Space S h u t t l e  i s  t h e  key e lement  o f  a v e r s a t i l e ,  economical  space  t r a n s p o r t a t i o n  system t h a t  w i l l  
p rov ide  a wide v a r i e t y  o f  n a t i o n a l  and i n t e r n a t i o n a l  u s e r s  w i th  round t r i p  a c c e s s  t o  space  beginning  i n  t h e  
1 9 8 0 ' s .  The Space S h u t t l e  w i l l  be t h e  f i r s t  r e u s a b l e  space  v e h i c l e ,  and w i l l  be con f igu red  t o  c a r r y  many 
d i f f e r e n t  t ypes  of  pay loads  t o  and from low e a r t h  o r b i t .  I t s  development w i l l  p rov ide  m u l t i p u r p o s e ,  econom- 
i c a l  space  o p e r a t i o n s  f o r  e a r t h  a p p l i c a t i o n s ,  s c i e n t i f i c ,  d e f e n s e ,  and t e c h n o l o g i c a l  pay loads .  The Space 
S h u t t l e  i s ,  however, much more than  j u s t  a t r a n s p o r t a t i o n  v e h i c l e .  I t  w i l l  o f f e r  unique c a p a b i l i t i e s  t h a t  
c anno t  be ach ieved  w i t h  t o d a y ' s  expendable  launch  v e h i c l e s  -- t o  r e t r i e v e  payloads  from o r b i t  f o r  r e u s e ;  t o  
s e r v i c e  and r e p a i r  s a t e l l i t e s  i n  s p a c e ;  t o  t r a n s p o r t  t o  o r b i t ,  o p e r a t e ,  and r e t u r n  space  l a b o r a t o r i e s ;  t o  
t r a n s p o r t  m a t e r i a l s  and equipment t o  o r b i t ;  and t o  per form r e s c u e  m i s s i o n s .  These c a p a b i l i t i e s  w i l l  g r e a t l y  
enhance f l e x i b i l i t y  and p r o d u c t i v i t y ,  and r e s u l t  i n  s a v i n g s  i n  t h e  c o s t  o f  space  o p e r a t i o n s .  

The Space S h u t t l e  c o n s i s t s  o f  f o u r  b a s i c  f l i g h t  hardware e l emen t s  -- t h e  o r b i t e r ,  t h e  main e n g i n e s ,  an 
expendable  e x t e r n a l  p r o p e l l a n t  t ank  (ET), and twin s o l i d  r o c k e t  b o o s t e r s  (SRB) -- p l u s  launch  and l a n d i n g  
sys t ems .  The o r b i t e r  i s  t h e  s p a c e c r a f t  p o r t i o n  o f  t h e  Space S h u t t l e .  I t s  l a r g e  payload volume o f  285 c u b i c  
meters (370 c u b i c  y a r d s )  and c a r g o  c a r r y i n g  c a p a c i t y  o f  up t o  29,500 k i lograms (65,000 pounds) w i l l  pe rmi t  
pay loads  t o  be b u i l t  t o  less  r e s t r i c t i v e  d e s i g n  r e q u i r e m e n t s .  The o r b i t e r  v e h i c l e  w i l l  c a r r y  pe r sonne l  and 
pay loads  i n t o  o r b i t  t o  per form t h e i r  a s s i g n e d  t a s k s  and r e t u r n  them t o  e a r t h .  The o r b i t e r  i s  rough ly  t h e  
s i z e  o f  a DC-9 a i r c r a f t  and c o n t a i n s  t h r e e  l i q u i d  f u e l e d  r e u s a b l e  main e n g i n e s .  I t  can  a l s o  p rov ide  a hab- 
i t a b l e  environment  f o r  t h e  c rew,  which w i l l  i n c l u d e  s c i e n t i s t s  and e n g i n e e r s .  

MISSION PROFILE: 

The Space S h u t t l e  w i l l  be launched i n t o  space  by t h e  t h r u s t  o f  i t s  t h r e e  l i q u i d  oxygen / l i qu id  hydrogen 
main e n g i n e s ,  bu rn ing  i n  p a r a l l e l  w i t h  t h e  twin s o l i d  r o c k e t  b n o s t e r s .  Two minu te s  i n t o  t h e  f l i g h t ,  a t  an 
a l t i t u d e  o f  about  45 k i l o m e t e r s  (km) ( 2 4  n a u t i c a l  m i l e s ) ,  t h e  s o l i d  r o c k e t  b o o s t e r s  w i l l  burn o u t ,  s e p a r a t e ,  
and descend by pa rachu te  t o  a s o f t  splashdown i n  t h e  ocean about  260 km (140  n a u t i c a l  m i l e s )  downrange. 
They w i l l  then  be r ecove red  f o r  r e fu rb i shmen t  and r e u s e .  The o r b i t e r  w i l l  c o n t i n u e  on i n t o  s p a c e ,  powered 
by i t s  t h r e e  main e n g i n e s ,  f o r  a n o t h e r  s i x  and one- hal f  m i n u t e s .  J u s t  b e f o r e  o r b i t a l  i n s e r t i o n ,  t h e  e n g i n e s  
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w i l l  be s h u t  down and t h e  e x t e r n a l  t ank  w i l l  be j e t t i s o n e d .  Fol lowing a b a l l i s t i c  t r a j e c t o r y ,  t h e  empty 
t a n k  w i l l  r e e n t e r ,  tumble ,  and b reak  up ove r  a remote ocean area abou t  18 ,500  km (10 ,000  n a u t i c a l  m i l e s )  
downrange. The o r b i t e r ,  a i ded  by i t s  o r b i t a l  maneuvering e n g i n e s ,  w i l l  e n t e r  E a r t h  o r b i t  t o  per form i t s  
m i s s i o n .  A f t e r  comple t ing  t h e  m i s s i o n ,  t h e  o r b i t e r  w i l l  a g a i n  f i r e  i t s  o r b i t a l  maneuvering e n g i n e s  t o  
d e o r b i t  and reenter t h e  atmosphere f o r  i t s  approach and l a n d i n g .  

The Space S h u t t l e  w i l l  have a c rew o f  t h r e e :  t h e  commander, t h e  p i l o t ,  and t h e  mi s s ion  s p e c i a l i s t .  On 
some m i s s i o n s ,  up t o  fou r  more mi s s ion  o r  payload  s p e c i a l i s t s  may be  added.  The crew w i l l  e x p e r i e n c e  
f o r c e s  no  g r e a t e r  t han  t h r e e  t i m e s  t h a t  o f  g r a v i t y  (3-g f o r c e s )  d u r i n g  launch  and l a n d i n g ,  and w i l l  be a b l e  
t o  per form t h e i r  work i n  a s h i r t - s l e e v e  envi ronment .  

STATUS : 

The Space S h u t t l e  Program i s  i n  t h e  f i n a l  p e r i o d  of  development toward t h e  f i r s t  o r b i t a l  f l i g h t  (STS-l) ,  
expec t ed  i n  t h e  l a s t  h a l f  o f  1980. A l l  Space S h u t t l e  system f l i g h t  e l emen t s  have been d e l i v e r e d  t o  t h e  
Kennedy Space Center  (KSC) f o r  STS-1, o t h e r  e l emen t s  a r e  proceeding  i n  t e s t  and manufac tu re ,  and major  
ground t e s t  programs a r e  be ing  conducted .  The Mated V e r t i c a l  Ground V i b r a t i o n  Test  (MVGVT), conducted a t  
t h e  Mar sha l l  Space F l i g h t  Center  (MSFC), w a s  completed e a r l y  i n  1979 u s i n g  O r b i t e r  101 ( E n t e r p r i s e ) ,  an ET 
and sms, and t h e  d a t a  has  been used  t o  u p d a t e  dynamic math models  of t h e  Space S h u t t l e  system. 
mathemat ica l  models are be ing  used t o  p r e d i c t  t h e  v e h i c l e  r e sponse  under  v i b r a t i o n  d u r i n g  t h e  launch  and 
a s c e n t  phases  o f  f l i g h t .  The t e s t  e l emen t s  used i n  t h e  MVGVT were d e l i v e r e d  t o  KSC f o r  launch  f a c i l i t y  
v e r i f i c a t i o n  t e s t s ,  which w e r e  s u c c e s s f u l l y  comple ted .  O r b i t e r  101 w a s  then  r e t u r n e d  t o  Palmdale,  CA, 
where i t  w i l l  be used f o r  f u t u r e  t e s t s ,  removal o f  c r i t i c a l  f l i g h t w o r t h y  p a r t s ,  and p o s s i b l e  u se  a s  p a r t  o f  
a f a c i l i t y  v e r i f i c a t i o n  v e h i c l e  f o r  t h e  Vandenberg A i r  Force Base (VAFB). The Main P ropu l s ion  T e s t  (MPT) 
se r i e s ,  which s t a r t e d  i n  1978 a t  t h e  Na t iona l  Space Technology L a b o r a t o r i e s  (NSTL), con t inued  through 1979. 
T h i s  t e s t  i n v o l v e s  t h r e e  main e n g i n e s  mounted on an o r b i t e r  a f t  f u s e l a g e  and coupled  t o  an ET t o  t e s t  t h e  
e n t i r e  p r o p u l s i o n  sys tem.  MPT p r o g r e s s  h a s  been slowed due t o  f a i l u r e s  i n  t e s t i n g  and n e c e s s a r y  eng ine  
m o d i f i c a t i o n s ,  bu t  t h e  t e s t  a c t i v i t y  i s  now beginning  t o  i n c r e a s e  a g a i n .  A h i g h l y  s u c c e s s f u l  f u l l - d u r a t i o n  
MPT s t a t i c  f i r i n g  t e s t  o f  550 seconds  was conducted on December 1 7 ,  1979,  which r e p r e s e n t s  accomplishment 
o f  a s i g n i f i c a n t  m i l e s t o n e .  T h i s  w a s  t h e  f i r s t  f u l l  d u r a t i o n  t es t  o f  t h e  t o t a l  p r o p u l s i o n  system and i t  
inc luded  eng ine  t h r o t t l i n g  and g i m b a l l i n g .  Hardware c e r t i f i c a t i o n  t e s t i n g  i s  c o n t i n u i n g  a c r o s s  a l l  
e l e m e n t s .  

These 

FY 1980 a c t i v i t i e s  s u p p o r t  p r e p a r a t i o n s  f o r  t h e  f i r s t  o r b i t a l  f l i g h t .  O r b i t e r  102 (Columbia) ,  which w i l l  
be used f o r  t h e  O r b i t a l  F l i g h t  T e s t  (OFT) Program, i s  i n  f i n a l  assembly and checkout  a t  t h e  O r b i t e r  Pro- 
c e s s i n g  F a c i l i t y  (OPF) a t  KSC. Thermal p r o t e c t i o n  sys tem (TPS) i n s t a l l a t i o n  problems have been a major  
c a u s e  f o r  d e l a y  i n  t h i s  o r b i t e r  f i n a l  assembly .  I n  1980,  t h i s  o r b i t e r  w i l l  be d e l i v e r e d  t o  t h e  v e h i c l e  
assembly b u i l d i n g  (VAB) f o r  assembly w i t h  t h e  ET and SRB's t o  p r e p a r e  f o r  l aunch .  The o r b i t e r  s t r u c t u r a l  
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t e s t  a r t i c l e  (STA) t e s t i n g  was completed by Lockheed a t  Pa lmdale ,  CA,  i n  1979. The STA was then  t r a n s f e r r e d  
back  t o  Rockwell I n t e r n a t i o n a l  (RI)  where i t  i s  be ing  modi f ied  t o  become the second f l i g h t  o r b i t e r  ( O r b i t e r  
099 - C h a l l e n g e r ) .  

A number o f  t e c h n i c a l  problems ( i . e . ,  main f u e l  v a l v e ,  t u r b i n e  s e a l ,  s t e e r h o r n ,  and i n c o r r e c t  g r ade  o f  
weld ing  w i r e )  have occu r r ed  i n  1979 d u r i n g  v a r i o u s  phases  o f  t h e  main eng ine  t e s t  program. 
horn  f a i l e d  a s  a d i r e c t  r e s u l t  o f  u s i n g  an i n c o r r e c t  g r ade  o f  weld ing  w i r e  t h a t  was t oo  s o f t  and w a s  mixed 
i n  w i t h  t h e  c o r r e c t  s t r e n g t h  weld ing  w i r e ,  which r e s u l t e d  i n  a s e v e r e l y  weakened weld j o i n t .  
have now achieved  ove r  60,000 seconds o f  t e s t  t ime ,  and a r e  on ou r  way t o  t h e  80,000 s econds ,  which w e  
e x p e c t  t o  r e a c h  p r i o r  t o  STS-1. The f i r s t  phase o f  t h e  P r e l i m i n a r y  F l i g h t  C e r t i f i c a t i o n  (PFC) h a s  been 
completed w i t h  ove r  5 ,000  seconds accumulated on one e n g i n e ,  and a second se i - i e s  o f  PFC t e s t i n g  on a second 
eng ine  ha s  s t a r t e d .  
a ccep t ance  t e s t  f i r i n g s ,  a r e  i n s t a l l e d  and are  undergoing  checkout  i n  Columbia a t  KSC. M o d i f i c a t i o n s  w i l l  
be made t o  t h e s e  f l i g h t  eng ines  e a r l y  i n  1980 t o  c o r r e c t  r e c e n t  problems d e t e c t e d  d u r i n g  eng ine  t e s t i n g  a t  
NSTL -- s t e e r h o r n  improvements and a new turbopump. 

A n o z z l e  s t e e r -  

However, w e  

The t h r e e  e n g i n e s  which w i l l  be used f o r  t h e  f i r s t  o r b i t a l  f l i g h t  a l l  completed 

The f i r s t  f l i g h t  ET ha s  been d e l i v e r e d  t o  KSC f o r  use  i n  STS-1, and t h r e e  o t h e r  t anks  a r e  i n  v a r i o u s  
s t a g e s  o f  manufac ture  a t  t h e  Michoud Assembly F a c i l i t y  (MAF). The f o u r t h  s o l i d  r o c k e t  motor (SRM) deve l -  
opmenir f i r i n g  and two q u a l i f i c a t i o n  motor f i r i n g s  were accomplished d u r i n g  1979. The t h i r d  and f i n a l  
q u a l i f i c a t i o n  f i r i n g  i s  planned f o r  e a r l y  1980. In a d d i t i o n ,  t h e  SRB components f o r  t h e  f i r s t  o r b i t a l  
f l i g h t  were d e l i v e r e d  t o  KSC i n  1979. 

The f l i g h t  hardware e l emen t s  f o r  STS-1 a r e  a l l  a t  KSC and a r e  p r o g r e s s i n g  w e l l  th rough e lement  p r o c e s s i n g  
toward s t a c k i n g  and mat ing  i n t o  t h e  o v e r a l l  assembled v e h i c l e .  The SRB'S a r e  s t a c k e d  on t h e  mobi le  l aunche r  
a w a i t i n g  t h e  ET.  The ET checkout  w i l l  be completed and i t  w i l l  be mated w i t h  t h e  SRB'S d u r i n g  t h e  f i r s t  
q u a r t e r  o f  1980. Columbia, which h a s  been undergoing  manufac tu r ing ,  m o d i f i c a t i o n s ,  and t e s t i n g  th roughout  
FY 1979,  i s  be ing  p repa red  f o r  ma t ing .  I n t e g r a t e d  v e h i c l e  p r o c e s s i n g  i s  planned t o  c o n t i n u e  th rough a 
f l i g h t  r e a d i n e s s  f i r i n g  p r i o r  t o  t h e  planned STS-1 l aunch .  

The c e n t r a l  computer ized  Launch P r o c e s s i n g  System (LPS) and ground s u p p o r t  equipment (GSE)  i n  t h e  forward 
s t a t i o n s  o f  t h e  f i r s t  l i n e  o f  f a c i l i t i e s  a t  KSC are o p e r a t i o n a l  and p r o c e s s i n g  t h e  f l i g h t  e l emen t s  f o r  t h e  
f i r s t  Space S h u t t l e  o r b i t a l  m i s s i o n .  
a r e  s t i l l  i n  t he  a c t i v a t i o n  phase .  They w i l l  be o p e r a t i o n a l  by mid-1980. T h e  p r imary  o r b i t a l  f l i g h t  t e s t  
l a n d i n g  s t a t i o n  a t  Dryden F l i g h t  Research Center  (DFRC) i n  C a l i f o r n i a  i s  o p e r a t i o n a l  and an a l t e r n a t e  l a n d i n g  
s t r i p  i s  be ing  p repa red  a t  t h e  White Sands Missile Range i n  New Mexico. 
o u t  p rocedu re s  and so f twa re  f o r  each  s t a t i o n  o r  sequence are be ing  deve loped  and v e r i f i e d .  

Only t h e  launch  pad and t h e  SRB r e t r i e v a l  and d i s a s sembly  s t a t i o n s  

The KSC p r o c e s s i n g  t e s t  and check-  

To e s t a b l i s h  a n a t i o n a l  f l e e t  o f  o p e r a t i o n a l  o r b i t e r s ,  Space S h u t t l e  p roduc t ion  i n c l u d e s  f a b r i c a t i o n  of  
two a d d i t i o n a l  o r b i t e r s ,  r e fu rb i shmen t  o f  O r b i t e r  102 (Columbia) ,  a f t e r  i t s  use  i n  t h e  o r b i t a l  f l i g h t  t e s t s  
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and e a r l y  o p e r a t i o n s ,  and conve r s ion  o f  t h e  o r b i t e r  STA t o  an o p e r a t i o n a l  o r b i t e r  ( O r b i t e r  099- Chal lenger ) .  
Also  i nc luded  are  t h e  second se r i e s  o f  launch  and GSE a t  KSC f o r  t h e  s imu l t aneous  launch  p r o c e s s i n g  o f  two 
o r b i t e r s ,  and i n i t i a l  o p e r a t i o n a l  s p a r e s  and equipment .  A c t i v i t i e s  p lanned  i n  FY 1980 i n c l u d e :  o r b i t e r  
subsys tem hardware f a b r i c a t i o n  f o r  c o n v e r t i n g  t h e  STA t o  o r b i t a l  f l i g h t  c a p a b i l i t y ,  s t r u c t u r e s  f a b r i c a t i o n  
f o r  O r b i t e r  103 ( A t l a n t i s ) ,  and main eng ine  hardware f a b r i c a t i o n .  Procurement o f  GSE r e q u i r e d  f o r  t h e  
"second l i n e "  launch  c a p a b i l i t y  a t  KSC and i n i t i a l  o p e r a t i o n a l  s p a r e s  and c rew equipment h a s  been i n i t i a t e d  
and w i l l  c o n t i n u e .  

During 1979,  a number o f  impor t an t  rev iews  o f  Space S h u t t l e  Program management were h e l d .  F ind ings  
i nc luded  t h e  fo l l owing :  o r i g i n a l  c o s t  c o n s t r a i n t s  were t o o  s e v e r e  and r e s e r v e s  were i n a d e q u a t e ,  s chedu le s  
demanded more performance t han  cou ld  be d e l i v e r e d ,  and long- range p l ann ing  w a s  i n a d e q u a t e .  C o r r e c t i v e  
a c t i o n s  have been implemented throughout  t h e  Space S h u t t l e  Program, i n c l u d i n g  management improvements a t  
NASA Headqua r t e r s ,  NASA C e n t e r s ,  prime c o n t r a c t o r s ,  and a t  t h e  major  s u b c o n t r a c t o r s .  

CHANGES FROM FY 1980 ESTIMATE: 

NASA i s  r e q u e s t i n g  a supplementa l  a p p r o p r i a t i o n  o f  $300 m i l l i o n  f o r  FY 1980 t o  meet a d d i t i o n a l  Space 
S h u t t l e  development r equ i r emen t s  and t o  p rov ide  f o r  t h e  p o t e n t i a l  impact  o f  n e c e s s a r y  changes and systems 
m o d i f i c a t i o n s  r e q u i r e d  t o  i n c r e a s e  r e l i a b i l i t y  and s a f e t y  and t o  lower o p e r a t i n g  c o s t s  o f  t h e  space  t r a n s-  
p o r t a t i o n  sys tem.  The a d d i t i o n a l  development r equ i r emen t s  r e s u l t  p r i m a r i l y  from i n c r e a s e d  e f f o r t s  t o  
comple te  systems i n s t a l l a t i o n  and t e s t ,  p a r t i c u l a r l y  t h e  o r b i t e r  thermal  p r o t e c t i o n  system and p re l aunch  
p r o c e s s i n g  o f  t h e  f i r s t  o r b i t a l  v e h i c l e ;  systems q u a l i f i c a t i o n  and c e r t i f i c a t i o n  problems a c r o s s  a l l  
e l emen t s  o f  t h e  program; and t h e  d e l a y  o f  t h e  f i r s t  o r b i t a l  f l i g h t  t e s t  u n t i l  t h e  l a s t  h a l f  o f  1980. The 
FY 1981 budget  r e q u e s t  assumes app rova l  and t i m e l y  a v a i l a b i l i t y  o f  t h e  proposed FY 1980 Supplemental  
A p p r o p r i a t i o n .  

MAJOR PROGRAM ACTIVITIES PLANNED I N  FY 1981: 

Continue main p r o p u l s i o n  t e s t i n g  t o  ach i eve  109% o f  r a t e d  power performance r equ i r emen t s  
Complete t h e  second se t  o f  main f l i g h t  e n g i n e s  
Complete d e l i v e r y  o f  t h e  t h i r d  and f o u r t h  f l i g h t  s e t s  o f  s o l i d  r o c k e t  b o o s t e r  

Complete d e l i v e r y  o f  t h r e e  e x t e r n a l  t anks  f o r  t h e  OFT program 
Complete a n a l y s i s  o f  t h e  f i r s t  manned o r b i t a l  f l i g h t  (STS-1) f o r  a p p l i c a t i o n  t o  

P roces s  development hardware a t  KSC, f o r  t h e  launch  o f  o r b i t a l  f l i g h t s  2 ,  3 ,  and 4 
Continue follow-on o r b i t e r  f a b r i c a t i o n  and assembly l e a d i n g  t o  a n a t i o n a l  f l e e t  o f  o p e r a t i o n a l  

Reconf igure  Columbia f o r  t h e  f i r s t  o p e r a t i o n a l  f l i g h t  

hardware t o  comple te  t h e  OFT Program 

t h e  subsequent  OFT f l i g h t s  

o r b i t e r s  
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DESIGN, DEVELOPMENT, TEST, AND EVALUATION 

1980 1981 
1979 Budget Cur r en t  Budget 

Actua l  E s t i m a t e  E s t i m a t e  Es t ima te  
(Thousands o f  d o l l a r s )  

O r b i t e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  727,800 420,800 560,900 320,900 

OBJECTIVES AND STATUS : 

The Space S h u t t l e  o r b i t e r  i s  a r e u s a b l e  launch  v e h i c l e  which s e r v e s  a s  t h e  o r b i t i n g  s p a c e c r a f t  t o  
dep loy  and r e t r i e v e  payloads  i n  low e a r t h  o r b i t  and t o  p rov ide  q u a r t e r s  f o r  t h e  p e r s o n n e l .  I t  r e e n t e r s  
t h e  atmosphere and l ands  a s  an unpowered a i r c r a f t ,  r e t u r n i n g  c rew and pay loads .  A payload o f  29,500 k i l o -  
grams (65,000 pounds) can  be p l aced  i n  low e a r t h  o r b i t  a t  an a l t i t u d e  o f  185 km (100 n a u t i c a l  m i l e s ) .  
The p h y s i c a l  d imens ions  o f  t h e  payload  may be a s  l a r g e  a s  4 . 6  meters (15 f e e t )  i n  d i ame te r  and 1 8 . 3  
meters (60 f e e t )  i n  l e n g t h .  

The O r b i t e r  Columbia w a s  assembled i n  Pa lmdale ,  CA,  checked o u t ,  and d e l i v e r e d  t o  t h e  Orbiter Processing 
Facility (OPF) a t  KSC in March 1979. Considerable open work was transferred with the vehicle. The majority 
of open work and manufacturing has been completed with the exception of the installation and testing of TPS 
tiles. 
ing and prelaunch checkout in mid-1980. The testing required to certify Columbia for the first flight test 
is scheduled to be completed in mid-1980. 

Orbiter integrated tests will be completed early in 1980, and the vehicle will be prepared for stack- 

Although t h e  TPS p r e s e n t e d  t h e  major  o r b i t e r  problem d u r i n g  1979,  o t h e r  d i f f i c u l t i e s  were encountered  
i n  t h e  a u x i l i a r y  power u n i t s ,  a v i o n i c s  s o f t w a r e ,  t h e  l a n d i n g  wheels  and t i r e s ,  and s t r u c t u r a l  modi- 
f i c a t i o n s  r e q u i r e d  by t h e  l a t e s t  d e r i v e d  l o a d s  d a t a .  Redes igns ,  improvements,  and c o r r e c t i v e  a c t i o n s  
ark  p roceed ing  s u c c e s s f u l l y  i n  a l l  t h e s e  a r e a s .  
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T e s t s  o f  t h e  STA, which h a s  a f l i g h t  t ype  a i r f r a m e ,  have been completed by Lockheed a t  Pa lmdale ,  CA. 
The v e h i c l e  h a s  been r e t u r n e d  t o  Rockwell a t  Palmdale,  CA, and i s  undergoing  demating f o r  m o d i f i c a t i o n s  
and upda t ing  t o  t h e  Cha l l enge r  f l i g h t  v e h i c l e  c o n f i g u r a t i o n .  O r b i t e r  101 ( E n t e r p r i s e )  completed f u l l -  
s c a l e  ground v i b r a t i o n  t e s t s  a t  MSFC, and w a s  used a t  KSC f o r  f a c i l i t y  i n t e r f a c e  v e r i f i c a t i o n .  The 
E n t e r p r i s e  h a s  been sh ipped  t o  Palmdale,  CA, where hardware components w i l l  be used as t e s t  a r t i c l e s  o r  
f o r  f l i g h t  s p a r e s .  The v e h i c l e  w i l l  be c o n f i g u r e d  f o r  f a c i l i t y  v e r i f i c a t i o n  a t  VAFB. 

The o v e r a l l  a v i o n i c s  v e r i f i c a t i o n  t e s t i n g  i s  underway a t  t h e  Space S h u t t l e  Avionics  I n t e g r a t i o n  
Labora to ry  (SAIL) a t  JSC f o r  a s c e n t  and a t  t h e  F l i g h t  Systems Labora to ry  (FSL) a t  Rockvel l  i n  Downey, 
CA, f o r  e n t r y .  V e r i f i c a t i o n  t e s t s  o f  v a r i o u s  a c c e p t a b l e  b u t  off- nominal  environment  Space S h u t t l e  
v e h i c l e  equipment c o n d i t i o n s ,  as  w e l l  as equipment f a i l u r e  c o n d i t i o n s ,  a r e  underway. I n i t i a l  t e s t i n g  
i s  be ing  conducted w i t h  t h e  l a t e s t  a v a i l a b l e  f l i g h t  s o f t w a r e  f o r  t h e  pr imary  and backup f l i g h t  c o n t r o l  
sy s t ems ,  and when t h e  f i n a l  c o n f i g u r a t i o n  i n s p e c t e d  f l i g h t  s o f t w a r e  i s  r e c e i v e d ,  t h e  a v i o n i c s  f l i g h t  
v e r i f i c a t i o n  t e s t i n g  w i l l  be comple ted .  Eng inee r ing  real- time s i m u l a t i o n s  a r e  be ing  conducted t o  
i n v e s t i g a t e  f l i g h t  c o n t r o l  problem areas d e r i v e d  from s t r u c t u r a l  and wind t u n n e l  t e s t i n g .  Sof tware  
m o d i f i c a t i o n s  w i l l  be r e q u i r e d  t o  implement t h e  changes r e s u l t i n g  from t h e  e n g i n e e r i n g  s i m u l a t i o n s .  

P r e p a r a t i o n s  a r e  underway t o  conduct  SAIL t e s t i n g  w i th  t h e  E l e c t r i c a l  Systems T e s t  Labo ra to ry  (ESTL) 
a t  JSC. 
s a t e l l i t e  systems and communications l i n k s  t o  v e r i f y  t h a t  t h e  t r a c k i n g  and communications f l i g h t  
systems i n  t h e  SAIL f u n c t i o n  p r o p e r l y  w i th  t h e  r e s t  o f  t h e  a v i o n i c s  sys tem.  Combined systems t e s t i n g  
i s  planned a t  FSL t o  demons t r a t e  t h e  f l i g h t  c o n t r o l  a c t u a t i o n  sys tems  f o r  t h e  a e r o s u r f a c e s  and t h e  main 
eng ine  t h r u s t  v e c t o r  c o n t r o l s  w i t h  t h e  Space S h u t t l e  h y d r a u l i c  sys tem u s i n g  t h e  FSL--Hardware Eva lua to r  
and F l i g h t  Con t ro l  Hydrau l i c s  L a b o r a t o r i e s .  Remote Manipula tor  System (RMS) v e r i f i c a t i o n  t e s t i n g  on 
t h e  gu idance  and c o n t r o l  t e s t  s t a t i o n s  a t  SAIL i s  a l s o  scheduled  f o r  1980. O v e r a l l  a v i o n i c s  v e r i -  
f i c a t i o n  t e s t i n g  w i l l  be conducted  a t  SAIL t o  demons t r a t e  t h e  s u i t a b i l i t y  o f  f l i g h t  crew p rocedu re s  and 
mi s s ion  t echn iques  u s i n g  q u a l i f i e d  f l i g h t  crew members manning t h e  c rew s t a t i o n  d u r i n g  v e r i f i c a t i o n  
t e s t s .  F i n a l  f l i g h t  s o f t w a r e  i n i t i a l  c o n d i t i o n s  f o r  t h e  s p e c i f i c  l aunch  day d a t a  and v e h i c l e  c o n f i g-  
u r a t i o n  w i l l  be demons t ra ted  p r i o r  t o  t h e  STS-1 f l i g h t ,  and l a n d i n g  s i m u l a t i o n s  on t h e  Ames Research 
Center  new moving base  s i m u l a t i o n  f a c i l i t y  are  planned t o  p rov ide  f u r t h e r  v e r i f i c a t i o n  o f  t h e  STS-1 
l a n d i n g  c a p a b i l i t i e s  and t e c h n i q u e s .  

The ESTL p r o v i d e s  real- time d a t a  r e p r e s e n t i n g  bo th  t h e  ground and t r a c k i n g  and d a t a  r e l a y  

RMS a c t i v i t i e s  managed by JSC i n  FY 1980 w i l l  focus  upon p r e p a r a t i o n s  t o  d e f i n e  and suppor t  RMS 
f l i g h t  t e s t s  d u r i n g  t h e  OFT. The g e n e r a t i o n  o f  f l i g h t  t e s t s  documenta t ion  w i l l  be based upon d a t a  
a n a l y s i s  o f  t h e  s i m u l a t i o n  o p e r a t i o n s  performed d u r i n g  FY 1979, f o r  payload h a n d l i n g ,  man ipu l a to r  
c o n t r o l ,  and o p e r a t o r  t r a i n i n g .  The Canadian funded e f f o r t s  a r e  c e n t e r e d  upon t h e  manufac ture  and 
hardware accep t ance  t e s t s  (ground)  f o r  d e l i v e r i n g  t h e  RMS i n  t h e  second q u a r t e r  o f  CY 1980,  and s u p p o r t  
t o  JSC on development o f  f l i g h t  t e s t  documenta t ion  and e n g i n e e r i n g  s u p p o r t  t o  i n t e g r a t e  t h e  RMS w i t h  
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the orbiter at KSC. The change in delivery date of the design, development, test and evaluation 
(DDTGE) RMS from November 1979 to the second quarter of CY 1980 is due to additional testing and 
hardware redesign requirements. 

Support activities managed by JSC will continue, including: software modifications in the Mission 
Control Center (MCC), use of crew training simulators, development of government furnished equipment 
such as space-suits, and the performance of tests to support the orbiter project. The emphasis for FY 
1980 is on preparation for the OFT'S. 

We have accelerated the development of the Manned Maneuvering Unit (MMU) in order to have on-orbit 
inspection and repair capability for the TPS. A qualification unit and two flight articles will be 
produced, and crew training will begin on the contractor's simulator (Martin Marietta Corporation, 
Denver, G O ) .  The MMU and associated equipment will be required in January 1981. It i s  not required 
for the first flight since the flight is designed for a benign environment and each tile will have been 
verified to safety factors of at least 1.4 times the full operational requirement. 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The FY 1980 orbiter estimate has increased by $140.1 million. This increase resulted from the additional 
engineering and subcontractor activity due to problems encountered in the qualification and certification 
programs and the additional effort required to complete the application and testing of thermal protection 
tiles, and other subsystem installations at KSC. There have been a number o f  major changes such as on- 
orbit TPS repair and a heads-up display, as well as numerous changes required to make the system operate 
properly as determined by the comprehensive test programs. In addition, there have been a number of 
subcontractor cost increases due to development and producibility problems. Examples include: TPS tiles, 
auxiliary power unit, orbiter maneuvering system pod, the KU-band rendezvous radar, S-band communications 
subsystems, and extravehicular suit development. Other funding increases have been experienced in support 
areas caused by schedule delays, and in systems areas due to additional vehicle system testing planned for 
FY 1980. 

BASIS OF FY 1981 ESTIMATE: 

The OFT Program, using Columbia, is planned for initiation in the last half of 1980 with the first 
manned orbital flight (STS-1). Post flight analysis of  this first flight will be conducted, and 
engineering will be provided to support follow-on development flights. Orbital flights are planned on 
an average of every three to four months. The O F T s  are expected to continue throughout FY 1981. 
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During STS-1 f i n a l  countdown and f l i g h t ,  t h e  SAIL and FSL w i l l  be con f igu red  t o  p rov ide  r e a l  t ime 
s u p p o r t  t o  t h e  m i s s i o n .  I n  a d d i t i o n ,  t h e s e  f a c i l i t i e s  w i l l  be used t o  ana lyze  f l i g h t  d a t a ,  p r e p a r e  
a n a l y s i s  f o r  p o s t - f l i g h t  r e p o r t s  and t o  i n v e s t i g a t e  f l i g h t  anoma l i e s .  S p e c i f i c  a v i o n i c s  v e r i f i c a t i o n  
programs w i l l  be conducted f o r  e ach  OFT t o  con f i rm  t h e  a v i o n i c s  o p e r a t i o n  w i th  pr imary  and backup f l i g h t  
s o f t w a r e  i n  t h e  new c o n f i g u r a t i o n s .  These i n c l u d e  o p e r a t i o n s  o f  t h e  RMS, KU-band r a d a r ,  t h e  T rack ing  
and Data Relay S a t e l l i t e  (TDRS), and p a y l o a d s '  o p e r a t i o n s .  S p e c i f i c  t e s t i n g  t o  v e r i f y  t h e  o p e r a t i o n  o f  
t h e  Space S h u t t l e  a v i o n i c s  sys tem w i t h  t h e  I n e r t i a l  Upper S t age  ( I U S )  and i t s  payloads  w i l l  a l s o  be 
conduc t ed .  F l i g h t  s u p p o r t  and p o s t - f l i g h t  a n a l y s i s  w i l l  be conducted  f o r  each  subsequent  o r b i t a l  t e s t  
f l i g h t .  T e s t i n g  and a n a l y s i s  o f  some s p e c i f i c  mi s s ion  o p e r a t i o n s  i n v o l v i n g  v e h i c l e  maneuvering,  
e x t r a v e h i c u l a r  a c t i v i t y  and payload o p e r a t i o n s  w i l l  be conducted a t  SAIL and FSL t o  v e r i f y  t h e  a v i o n i c s  
sys tem s u p p o r t  o f  t h e  m i s s i o n s  p l a n s .  A number of  a v i o n i c s  equipment  and f l i g h t  s o f t w a r e  improvements 
have been i d e n t i f i e d  t o  be i n c o r p o r a t e d  d u r i n g  t he  OFT Program and e a r l y  o p e r a t i o n a l  f l i g h t s .  The 
s o f t w a r e  d e l i v e r i e s  are  phased t o  be commensurate w i t h  a v i o n i c s  improvements and mi s s ion  r equ i r emen t s .  
Each o f  t h e s e  improvements w i l l  a l s o  be v e r i f i e d  on SAIL and FSL. 

The suppor t  a c t i v i t i e s  n e c e s s a r y  f o r  each  o r b i t a l  f l i g h t  w i l l  c o n t i n u e  i n  FY 1981. The MCC w i l l  
s u p p o r t  i n t e g r a t e d  s i m u l a t i o n s  w i t h  t h e  Space S h u t t l e  Mission S imu la to r  t o  t r a i n  t h e  f l i g h t  crews and 
f l i g h t  c o n t r o l l e r s  f o r  t h e s e  o r b i t a l  f l i g h t s .  

Each development f l i g h t  i s  a t e s t  t o  p r o g r e s s i v e l y  suppor t  t h e  v e r i f i c a t i o n  o f  t h e  Space S h u t t l e  f o r  
o p e r a t i o n a l  u s e .  Design c e r t i f i c a t i o n  and f l i g h t  r e a d i n e s s  rev iews  w i l l  be conducted b e f o r e  each  f l i g h t  
t o  a s s u r e  t h a t  t h e r e  a r e  no  c o n s t r a i n t s  t o  t h e  s p e c i f i e d  f l i g h t  m i s s ion  ass ignment .  The o r b i t a l  t e s t s  
a r e  n e c e s s a r y  t o  v e r i f y  hardware and s o f t w a r e  o p e r a t i o n ,  ground and f l i g h t  p rocedu re s ,  sys tem c h a r a c t e r -  
i s t i c s  ove r  a range  o f  c o n d i t i o n s ,  p r imary  and backup o p e r a t i o n a l  modes, and o v e r a l l  performance.  F l i g h t  
t e s t  d a t a  on t h e  systems performance w i l l  be reviewed a f t e r  e ach  f l i g h t  and c o r r e c t i v e  a c t i o n  t a k e n ,  
where n e c e s s a r y ,  t o  meet o p e r a t i o n a l  r equ i r emen t s .  Throughout t h e  development f l i g h t  t e s t  program, 
e n g i n e e r i n g  w i l l  be  provided  t o  per form t h i s  a n a l y s i s ,  r e s o l v e  problems,  and v e r i f y  systems o p e r a t i o n s .  
These FY 1981 e f f o r t s  w i l l  l e a d  t o  t h e  c e r t i f i c a t i o n  o f  t h e  Space S h u t t l e ' s  r e a d i n e s s  t o  e n t e r  t h e  
o p e r a t i o n a l  phase i n  FY 1982. 

MAJOR PROGRAM ACTIVITIES PLANNED I N  FY 1981:  

o Complete o r b i t e r  a n a l y s i s  o f  t h e  f i r s t  OFT (STS-1) 
o Support  OFT f l i g h t s  2-4 i n  p r e p a r a t i o n ,  d a t a  a n a l y s i s ,  e n g i n e e r i n g ,  and i n c o r p o r a t i o n  o f  

o Complete c e r t i f i c a t i o n  of  O r b i t e r  102 f l i g h t  r e a d i n e s s  f o r  follow-on OFTs 
o D e l i v e r  Mission/MOD k i t s  f o r  s p e c i f i c  o r b i t a l  f l i g h t s  
o Continue l i f e  demons t r a t i on  t e s t s  on c r i t i c a l  o r b i t e r  subsystems 
o Develop improved TPS f o r  follow-on o p e r a t i o n a l  v e h i c l e s  

n e c e s s a r y  changes 
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1980 1981 
1979 Budget Curren t  Budget 

Actua l  E s t i m a t e  Es t ima te  Es t ima te  
(Thousands o f  D o l l a r s )  

Main Enginc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  172,700 140,600 140 ,600  

OBJECTIVES AND STATUS: 

The Space S h u t t l e  o r b i t e r  w i l l  u s e  t h r e e  h i g h  p r e s s u r e  l i q u i d  hydrogen/oxygen 

145,700 

e n g i n e s ,  each  w i t h  a 
2 ,100 ,000  newton (470,000-pound) vaccum t h r u s t  l e v e l .  
major  advance i n  p r c p u l s i o n  t echno logy ,  and i n c o r p o r a t e s  maximum u t i l i z a t i o n  o f  e x i s t i n g  t e c h n o l o g i e s .  
In a d d i t i o n ,  i t  h a s  t h e  advantage  o f  a long  o p e r a t i n g  l i f e .  I t  i s  t h e  f i r s t  l a r g e  l i q u i d  f u e l  r o c k e t  
eng ine  de s igned  t o  be r e u s a b l e ,  and w i l l  r e q u i r e  minimum main tenance  between f l i g h t s .  An engine-mounted 
c o n t r o l l e r  i s  used t o  e n s u r e  o p e r a t i o n  w i t h i n  t h e  l i m i t s  o f  t h e  h igh  t empera tu re s  and p r e s s u r e s  i n  t h e  
combust ion c y c l e .  Performance h a s  been i n c r e a s e d  by u s i n g  a two s t a g e  combust ion p r o c e s s  w i th  a h igh  
expans ion  r a t i o  n o z z l e ,  which r e s u l t s  i n  more e f f i c i e n t  eng ine  o p e r a t i o n s .  

The Space S h u t t l e  Main Engine (SSME) r e p r e s e n t s  a 

During FY 1979,  problems wi th  s e v e r a l  main eng ine  components c o n t i n u e d  t o  d e l a y  t h e  t e s t  program 
c a u s i n g  t h e  main eng ine  p r o j e c t  t o  accumula te  fewer t e s t  seconds  t han  p lanned .  Engine development 
t e s t i n g  was p roceed ing  a t  a good pace u n t i l  a n o z z l e  s t e e r h o r n  f a i l u r e  (May 1 4 ,  1979) d e s t r o y e d  most o f  
t h e  i n t e r n a l  p a r t s  o f  Engine 0201. A main f u e l  v a l v e  f a i l u r e  on a Main P ropu l s ion  T e s t  A r t i c l e  (MPTA) 
Engine 2002 ( J u l y  2 ,  1979) caused  f u r t h e r  temporary su spens ion  o f  t e s t i n g .  During main p r o p u l s i o n  
t e s t i n g  (November 4 ,  19791, an e a r l y  shutdown w a s  i n i t i a t e d  when a h i g h  p r e s s u r e  oxygen turbopump 
(HPOTP) t u r b i n e  s e a l  f a i l e d  on Engine 0006. During t h e  shutdown, a n o t h e r  n o z z l e  s t e e r h o r n  f a i l e d  
d e s t r o y i n g  most o f  t h e  i n t e r n a l  p a r t s  o f  Engine 2002. An i n v e s t i g a t i o n  de te rmined  t h a t  t h e  second 
s t e e r h o r n  f a i l u r e  w a s  t h e  r e s u l t  o f  a " s o f t "  weld caused by use  o f  t h e  i n c o r r e c t  g r ade  o f  weld ing  w i r e  
mixed i n  w i t h  t h e  c o r r e c t  s t r e n g t h  weld ing  wi re .  F a i l u r e  modes and c a u s e s  o f  t h e s e  f a i l u r e s  (main f u e l  
v a l v e ,  n o z z l e  s t e e r h o r n ,  HPOTP t u r b i n e  s e a l )  have been i d e n t i f i e d ,  m o d i f i c a t i o n s  i n c o r p o r a t e d ,  and 
t e s t i n g  resumed. Another eng ine  h a s  been a s s i g n e d  t o  t h e  MPT Program. The s u c c e s s f u l  f u l l  d u r a t i o n  MPT 
t e s t  l a s t i n g  550 seconds (December 1 7 ,  1979 ) ,  r e p r e s e n t e d  a s i g n i f i c a n t  m i l e s t o n e  i n  t h e  main p r o p u l s i o n  
development program. A s  a r e s u l t  o f  t h e  problems d u r i n g  1979,  comple t i on  o f  t h e  MPT Program i n  s u p p o r t  
o f  STS-1 has  s l i p p e d  t o  mid-1980. 

In s p i t e  o f  t h e s e  problems,  p r o g r e s s  t h i s  y e a r  ha s  been s i g n i f i c a n t .  The f i r s t  c e r t i f i c a t i o n  c y c l e  o f  
the Preliminary Flight Certification (PFC) program was completed. Sixteen tests were conducted for a 
total of 5,245 seconds on Engine 2004. 
one flight mission profile over-stress test (102% rated power level (RPL), and two abort mission simu- 
lations of 665 and 823 seconds. 

This included four flight mission profile tests of 520 seconds, 

A repeat of the PFC program is now in progress on the same engine ( 2004 ) .  
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Seven of the th i r teen o b j e c t i v e s  have been accomplished w i t h  a t o t a l  o f  3,000 seconds  accumulated t o  d a t e .  
A t o t a l  o f  f o u r  PFC c y c l e s  w i l l  b e  conducted on two o r  more e n g i n e s  w i t h  a t  least  two c e r t i f i c a t i o n s  on 
one eng ine .  To d a t e ,  a t o t a l  o f  approx imate ly  530 tests have been conducted accumula t ing  o v e r  60,000 
seconds  o f  o p e r a t i o n  w i t h  a b o u t  175 tests and o v e r  28,000 seconds  a t  RPL. This p a s t  y e a r ,  we conducted 
a b o u t  130 tests and accumulated over-22,000 seconds  of o p e r a t i o n  w i t h  a b o u t  100 tests and o v e r  17,000 
seconds  a t  the RPL. Thus, o v e r  77% o f  the test seconds -accumula ted  t h i s  p a s t  y e a r  h a s  been a t  RPL or  
h i g h e r .  Much of the t i m e  n o t  a t  RPL i s  s t a r t  transient t i m e  and t h r o t t l i n g  t i m e  t o  v a r i o u s  power levels 
t o  d e t e r m i n e  e n g i n e  performance a t  the lower  power levels. 

T e s t i n g  w i l l  c o n t i n u e  on f l i g h t  c o n f i g u r e d  e n g i n e s  d u r i n g  1980 l e a d i n g  t o  t h e  main e n g i n e  f l i g h t  
c e r t i f i c a t i o n  f o r  STS-1. It i s  planned t o  accumulate  approx imate ly  80,000 seconds  o f  t e s t  t i m e  p r i o r  t o  
f l i g h t  i n c l u d i n g :  s i n g l e  e n g i n e ,  main p r o p u l s i o n  t e s t i n g ,  and PFC t e s t i n g .  The MPTA, c o n s i s t i n g  o f  a 
c l u s t e r  o f  t h r e e  e n g i n e s ,  a f l i g h t- w e i g h t  e x t e r n a l  t a n k ,  and t h e  a f t  f u s e l a g e  o f  t h e  o r b i t e r ,  i s  main- 
t a i n e d  i n  t h e  STS-1 c o n f i g u r a t i o n  and w i l l  c o n t i n u e  i n  t e s t i n g  d u r i n g  t h e  f i s c a l  y e a r .  Data from main 
p r o p u l s i o n  t e s t i n g  w i l l  c o n s t i t u t e  a p a r t  o f  e n g i n e  v e r i f i c a t i o n .  PFC t e s t i n g  w i l l  be completed accum- 
u l a t i n g  approx imate ly  20,000 seconds  on two o r  more e n g i n e s .  S i n g l e  e n g i n e  t e s t i n g  w i l l  a l s o  be i n t e n-  
s i v e  t o  prove t h e  d u r a b i l i t y  o f  each  component o f  t h e  sys tem.  F u l l  power l e v e l  (FPL-109% o f  RPL) t e s t i n g  
w i l l  s t a r t  l a t e  i n  FY 1980. By mid-1980, a l l  eng ine  m o d i f i c a t i o n s  w i l l  have been i n c o r p o r a t e d  i n  t h e  
f l i g h t  m g i n e s  i n s t a l l e d  i n  O r b i t e r  102 t o  s u p p o r t  t h e  f l i g h t  r e a d i n e s s  f i r i n g  and t h e  f i r s t  o r b i t a l  
f l i g h t .  

I n  a d d i t i o n  t o  t h e  development and t e s t  work by Rocketdyne and t h e  s u b c o n t r a c t o r s ,  t h e  main eng ine  
a c t i v i t i e s  p rov ide  t h e  n e c e s s a r y  p r o j e c t  s u p p o r t  e f f o r t s .  These e f f o r t s  i n c l u d e  t h e  procurement o f  
p r o p e l l a n t s  f o r  t e s t  f i r i n g  t h e  e n g i n e  and i t s  components,  t h e  maintenance o f  t h e  eng ine  sys tems 
hardware s i m u l a t i o n  l a b o r a t o r y ,  l o g i s t i c  s u p p o r t ,  and t h e  e v a l u a t i o n  o f  m a t e r i a l s  and p r o c e s s e s .  

BASIS OF FY 1981 ESTIMATE: 

During FY 1981, c o n t i n u i n g  s u p p o r t  w i l l  be provided f o r  t h e  OFT. T h i s  e f f o r t  w i l l  i n c l u d e  a f u l l  
complement o f  component and f u l l  e n g i n e  t e s t  c a p a b i l i t y  and a n a l y t i c a l  suppor t  f o r  t h e  f l i g h t  
c o n d i t i o n s .  
During t h e  c e r t i f i c a t i o n  program, t h e  e n g i n e  must demons t ra te  r e l i a b i l i t y  and performance a t  109% of 
r a t e d  power. The l a s t  two MPTA tes t s  a r e  schedu led  f o r  FY 1981 t o  demons t ra te  t h i s  109% power level 
o p e r a t i o n  of t h r e e  e n g i n e s  i n  a c l u s t e r .  
sys tem s i m u l a t i o n  l a b o r a t o r y ,  e n g i n e  s o f t w a r e  i n t e g r a t i o n ,  and procurement  of p r o p e l l a n t s  f o r  t h e  
t es t  programs a t  Santa  Susana and a t  NSTL. 

S i n g l e  e n g i n e  t e s t i n g  w i l l  c o n t i n u e  i n  o r d e r  t o  accompl i sh  PFC of t h e  e n g i n e  a t  FPL. 

FY 1981 main e n g i n e  fund ing  w i l l  a l s o  s u p p o r t  t h e  e n g i n e  
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MAJOR P R G J E C T  ACTIVITIES PLANNED I N  FY 1981: 

o r o n t i n u e  eng ine  t e s t i n g  t o  a c h i e v e  f i n a l  f l i g h t  c e r t i f i c a t i o n  a t  FPL 
o Complete f a b r i c a t i o n  and d e l i v e r y  o f  t h e  second se t  o f  f l i g h t  e n g i n e s  
o P rov ide  l a b o r a b o t y ,  t e s t ,  and a n a l y t i c a l  s u p p o r t  f o r  t h e  OFT Program 

1980 1981 
1979 Budget Cur r en t  Budget 

Ac tua l  Est imate E s t i m a t e  Es t ima te  
(Thousands o f  D o l l a r s )  

E x t e r n a l  Tank (ET) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  104,800 68,400 79,400 48 ,000  

OBJECTIVES AND STATUS: 

The ET w i l l  c o n t a i n  a l l  t h e  p r o p e l l a n t s  f o r  t h e  o r b i t e r ' s  t h r e e  main e n g i n e s  -- l i q u i d  hydrogen a s  
t h e  f u e l ,  and l i q u i d  oxygen as  t h e  o x i d i z e r .  The l i q u i d  p r o p e l l a n t s  a r e  consumed by t h e  o r b i t e r ' s  main 
e n g i n e s  from l i f t o f f  t o  main eng ine  c u t o f f ,  which o c c u r s  j u s t  b e f o r e  o r b i t a l  i n s e r t i o n .  Fol lowing t h e  
main eng ine  c u t o f f ,  t h e  ET w i l l  s e p a r a t e  from t h e  o r b i t e r  and tumble th rough a b a l l i s t i c  t r a j e c t o r y  t o  
b r eak  up ove r  a d e s i g n a t e d  remote ocean a r e a .  
( 2 7 . 5  f e e t )  i n  d i a m e t e r ,  and 47 meters (154 f e e t )  l ong .  I t  w i l l  c o n t a i n  app rox ima te ly  700,000 k i lograms 
( 1 . 5 5  m i l l i o n  pounds) of  p r o p e l l a n t  a t  l i f t o f f .  The l i q u i d  hydrogen volume i s  1 ,530 c u b i c  me te r s  
(54 ,000  c u b i c  f e e t )  and t h e  l i q u i d  oxygen volume i s  app rox ima te ly  565 c u b i c  me te r s  (20,000 c u b i c  f e e t ) .  

The ET i s  a s i n g l e  assembly app rox ima te ly  8 . 5  me te r s  

During 1979,  s t r u c t u r a l  t e s t i n g  o f  t h e  l i q u i d  hydrogen t ank  was s u c c e s s f u l l y  accomplished a t  MSFC. 
The ground v i b r a t i o n  t e s t  t ank  was sh ipped  t o  KSC where i t  w a s  mated t o  a s e t  o f  i n e r t  SRB's and t h e  
O r b i t e r  E n t e r p r i s e  f o r  a thorough checkout  o f  t h e  launch  f a c i l i t i e s ,  GSE, and s u p p o r t i n g  i n t e r f a c e  
equipment .  The t ank  w a s  then  sh ipped  t o  MAF f o r  s t o r a g e  and e v e n t u a l  r e u s e  a s  a f l i g h t  t ank  a f t e r  
m o d i f i c a t i o n s  a r e  accompl i shed .  

During t h e  summer, a d e s i g n  change was implemented t o  p r e v e n t  t h e  fo rma t ion  o f  ice on t h e  t ank  p r o t u b e r a n c e s  
which i f  d i s l o d g e d  d u r i n g  a s c e n t  cou ld  damage t h e  o r b i t e r  t i l e s .  T h i s  w i l l  be accomplished by a newly 
des igned  KSC ground purge sys tem and t h e  a d d i t i o n  o f  spray- on foam i n s u l a t i o n  (SOFI) and e l e c t r i c a l  
h e a t e r s  around t h e  p o t e n t i a l  i c e  forming a r e a s .  The d e t e r m i n a t i o n  o f  aerodynamic c r o s s f l o w s  from t h e  
SRB's,  and newly d e f i n e d  a i r  l o a d s  which cou ld  exceed t h e  c a b l e  t r a y s '  s t r u c t u r a l  s t r e n g t h ,  w i l l  be 
r e s o l v e d  by t h e  a d d i t i o n  o f  l a r g e  SOFI ramps. The f i r s t  f l i g h t  t a n k ,  d e l i v e r e d  t o  KSC i n  mid-1979, i s  
i n  t h e  p r o c e s s  o f  hav ing  t h e s e  changes i n c o r p o r a t e d ,  i n c l u d i n g  t h e  i c e l d e b r i s  and a i r  load  SOFI ramps. 
I t  i s  expec t ed  t h a t  a l l  m o d i f i c a t i o n s  w i l l  be completed i n  e a r l y  1980. 
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The second f l i g h t  t ank  i s  i n  t h e  p r o c e s s  of  having  i t s  TPS a p p l i e d .  D e l i v e r y  t o  KSC o f  t h i s  t ank  i s  
p lanned  f o r  t h e  t h i r d  q u a r t e r  o f  1980. The t h i r d  and f o u r t h  f l i g h t  t a n k s  w i l l  be s t r u c t u r a l l y  
assembled ,  t h e  TPS a p p l i e d ,  and r e a d i e d  f o r  shipment  t o  KSC d u r i n g  t h e  y e a r .  D e l i v e r i e s  o f  t h e s e  two 
t anks  w i l l  t a k e  p l a c e  i n  FY 1981. 

During FY 1980,  a major  e n g i n e e r i n g  e f f o r t  w i l l  be expended on t h e  l i g h t w e i g h t  t ank  (LWT) d e s i g n .  
The g o a l  of  r educ ing  t h e  weight  o f  t h e  t ank  by 6 ,000  pounds w i l l  be ach ieved  by o p t i m i z i n g  t h e  
t h i c k n e s s  o f  t h e  b a s i c  s k i n ,  r i b s ,  and cho rds  o f  t h e  i n t e r t a n k ,  l i q u i d  oxygen,  and l i q u i d  hydrogen 
t a n k s .  E a r l y  i n  FY 1980,  20% o f  t h e  LWT d e s i g n  had been r e l e a s e d  f o r  raw m a t e r i a l  o r d e r i n g  and vendor 
f a b r i c a t i o n  o f  components.  A p r e l i m i n a r y  d e s i g n  rev iew w a s  he ld  d u r i n g  t h i s  q u a r t e r ,  and a c r i t i c a l  
d e s i g n  r ev i ew  i s  planned f o r  May 1980 which w i l l  s uppo r t  t h e  d e l i v e r y  of  t h e  f i r s t  LWT b e f o r e  t h e  end 
o f  1981. 

In FY 1980 e f f o r t s  a r e  be ing  unde r t aken  t o  improve t h e  p r o d u c i b i l i t y  o f  t h e  ET. The b a s i c  o b j e c t i v e  
i s  t o  deve lop  new t echn iques  and p r o c e s s e s  t o  b u i l d  t h e  ET more e f f i c i e n t l y ,  and more economica l l y .  
Areas o f  a c t i v i t y  i n c l u d e  improved weld ing  t e c h n i q u e s  and an automated i n s p e c t i o n  sys tem;  an a l t e r n a t e  
foam m a t e r i a l  f o r  t h e  l i q u i d  hydrogen t ank  a f t  dome; and improvements i n  t ank  p r iming ,  c l e a n i n g  and 
p r o t e c t i o n .  In t h e  thermal  p r o t e c t i o n  a r e a ,  SOFI, and a b l a t o r  improvements are  be ing  deve loped ,  and 
improvements i n  t h e  forming and chemica l  m i l l i n g  p r o c e s s e s  have s t a r t e d .  

A t  t h e  beginning  o f  FY 1980,  t h e  l i q u i d  boos t  module was s e l e c t e d  as t h e  t h r u s t  augmenta t ion  b a s e l i n e  
concep t  t o  ach i eve  i n c r e a s e d  a s c e n t  performance c a p a b i l i t y  f o r  t h e  Space S h u t t l e .  T h i s  concept  employs 
T i t a n  hardware ( eng ines  and modi f ied  p r o p e l l e n t  t ankage )  mounted under  t h e  ET.  S ince  t h i s  l i q u i d  
p r o p u l s i o n  module impacts  t h e  ET s t r u c t u r e  o f  t h e  l i q u i d  hydrogen t a n k ,  d e s i g n  s t u d i e s  were i n i t i a t e d  
i n  FY 1980 which w i l l  c o n t i n u e  i n t o  1981. 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The ET e s t i m a t e  f o r  FY 1980 has  i n c r e a s e d  by $11 .0  m i l l i o n .  T h i s  i n c r e a s e  w a s  p r i n c i p a l l y  caused  by 
changes ,  p a r t i c u l a r l y  t o  p r o t e c t  a g a i n s t  p ro tube rance  i c i n g  and t o  accommodate a d d i t i o n a l  a i r  l oads  
d a t a .  The ET p r o j e c t  c o s t  a l s o  grew because o f  i n c r e a s e d  e s t i m a t e s  t o  perform weight  r e d u c t i o n  and t h e  
a d d i t i o n a l  ET p r o d u c i b i l i t y  e f f o r t s .  

BASIS OF FY 1981 ESTIMATE 

The t h i r d  and f o u r t h  development t a n k s  w i l l  be i n  t h e  f i n a l  phases  o f  assembly and checkout  a t  MAF 
w i t h  d e l i v e r i e s  planned f o r  t h e  f i r s t  h a l f  o f  1981. Design m o d i f i c a t i o n  e f f o r t s  o f  t h e  LWT w i l l  peak 
d u r i n g  t h e  y e a r .  T h i s  work w i l l  r e s u l t  i n  o p t i m i z i n g  t o  reduce  t h e  amount of  m a t e r i a l  i n  t h e  major  
s t r u c t u r a l  e l emen t s  o f  t h e  ET w h i l e  s t i l l  keeping  manufac tu r ing  c o s t s  l o w .  P r o d u c i b i l i t y  improvements 
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in assembly and manufacturing techniques will be a major engineering effort during the year in order to 
reduce operational costs. ET design studies for thrust augmentation to accommodate the liquid boost 
modules will also be in progress in FY 1981. 

MAJOR PROJECT ACTIVITIES PLANNED IN FY 1981 : 

o Deliver last two development ET'S (ET-3 and -4) 
o Complete final ET installation at KSC for STS-2, 3 and 4 
o Evaluate flight data performance (STS-2 and - 3 flights) 
o Continue designs for: 

- Lightweight tank 
- Producibility improvement 
- ET thrust augmentation 

1979 
Actual 

1980 1981 
Budget Current Budget 

Estimate Estimate Estimate 
(Thousands of Dollars) 

Solid Rocket Booster (SRB) . . . . . . . . . . . . . . . . . . .  115,400 57,500 61,200 14,000 

OBJECTIVES AND STATUS: 

The Space Shuttle propulsion system includes two reusable SRBs which burn in parallel with the orbiter 
main eagines at launch to provide the necessary thrust from liftoff to booster staging. 
approximately 583,600 kilograms (1.29 million pounds) and delivers approximately 11.6 million newtons 
(2.6 million pounds) average vacuum thrust. 
diameter and 45.5 meters (149 feet) long and are attached to the ET. After burnout, at an altitude of 
about 45 kilometers (150,000 feet), they separate from the ET. The SRBs will descend by parachute and 
land in the ocean about 260 kilometers (140 nautical miles) from the launch site. They will be recovered 
by ship and returned for refurbishment and reuse. 

Each SRB weighs 

These boosters are approximately 3.6 meters (12.2 feet) in 

The main element in the SRB system is the Solid Rocket Motor (SRM), which is being developed by Thiokol, 
Wasatch Division, Utah. Other booster system elements such as the recovery system Thrust Vector Control 
(WC), attach structures, forward and aft skirt, and separation motors are being procured separately. MSFC 
is performing designated systems integration tasks, and has the responsibility for total systems integra- 
tion of the SRB effort. 
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In 1979, the booster separation motor qualification test firings were successfully completed, and the 
flight motors for the first two OFTs were delivered to KSC. The structural test program, to verify the 
major structural elements for flight loads, were completed during 1979, and water impact loads testing 
started. These tests are scheduled for completion early in 1980. Fabrication of the flight structural 
components is progressing very well. Delivery of the major structural components to KSC required for the 
four OFTs has been completed. Fabrication of the parachutes for the orbital flights is continuing with 
the flight sets for the first two flight missions delivered to KSC. The TVC systems testing was completed 
at MSFC to verify the overall performance characteristics, and successful TVC system operation was completed 
during the SRM test firings at Thiokol. The TVC systems for STS-1 have successfully completed hot firing 
and are installed on the flight aft skirts. 
with the assembly and checkout of the boosters for STS-1, and they have delivered the hardware to the VAB 
high bay area for stacking. 

The booster assembly contractor has been actively involved 

The component qualification test program for all the SRB major systems has progressed satisfactorily 
with approximately a 75% completion of the qualification testing required for the first flight. The 
total test program is scheduled for completion in early 1980. 
motor was loaded and test fired. Two of the three SRM qualification tests of the flight configuration 
have been successfully fired, and the third will be tested in early 1980. All SRM segments for STS-1 
have been delivered and stacked at KSC. 

During 1979, the fourth and final development 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The SRB estimate for FY 1980 has increased by $3.7 million. This change was caused by cost increases in 
the SRB subsystems, qualification test problems, and technical changes; as well as DDT&E flight hardware 
delivery delays to support the slipped development flight schedule. 

BASIS OF FY 1981 ESTIMATE 

Manufacture and assembly of flight hardware for the DDT&E flights will continue through 1980. The 
booster assembly contractor will assemble and checkout the SRB'S for all the flight missions, and will be 
involved with the refurbishment and checkout of recovered hardware for use in all orbital development 
flights continuing into 1981. 
checkout of the boosters for the orbital development flights, and the refurbishment and checkout of 
recoverable hardware. The capability to verify the acceptability of refurbished hardware for reuse will 
be completed. An OFT flight utilizing refurbished hardware will also be accomplished during 1981. 

During FY 1981, the major activities will consist of the assembly and 
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MAJOR PROJECT ACTIVITIES PLANNED I N  FY 1981:  

o Complete d e l i v e r y  o f  a l l  OFT hardware 
o Complete assembly and checkout  o f  f l i g h t  SRB'S a t  KSC f o r  OFT Program 
o Re fu rb i sh  and launch  f i r s t  r e u s a b l e  hardware f l i g h t  s e t  
o Continue p roduc t ion  e f f i c i e n c y  and c o s t  improvements p l an  

1979 
1980 1981 

Budget Cur r en t  Budget - 
Es t ima te  Es t ima te  Es t ima te  Ac tua l  

(Thousands o f  D o l l a r s )  

Launch and Landing . . . . . . . . . . . . . . . . . . . . . . . . . .  149,600 143 ,200  188,400 154,400 

OBJECTIVES AND STATUS 

The Space S h u t t l e  l aunch  and l a n d i n g  p r o j e c t  i n c l u d e s  t h e  p r e p a r a t i o n  o f  a s e r i e s  o f  Space S h u t t l e  
l a n d i n g ,  ground p r o c e s s i n g ,  and launch  s t a t i o n  se t s  a t  KSC and t h e  DFRC and t h e i r  o p e r a t i o n  th rough t h e  
OFT phases .  These s t a t i o n  s e t s  i n c l u d e :  h a n d l i n g ,  t e s t i n g ,  and s e r v i c i n g  sys tems;  and GSE. The Launch 
Con t ro l  Center  (LCC) a t  KSC c o n t a i n s  t h e  h e a r t  o f  t h e  computer ized  automated Launch P roces s ing  System 
(LPS),  which c o n n e c t s  t o  many o f  t h e  s t a t i o n  se ts  f o r  remote mon i to r ing  and c o n t r o l  o f  t h e  v e h i c l e  
t e s t i n g ,  s e r v i c i n g ,  checkout  and launch  p r o c e s s i n g .  I n  a d d i t i o n  t o  t h e  l and ing  f a c i l i t i e s  a t  KSC and 
DFRC, l a n d i n g  suppor t  f a c i l i t i e s  are  planned f o r  c o n s t r u c t i o n  a t  t h e  White Sands M i s s i l e  Range, N e w  
Mexico, t o  p rov ide  a backup l a k e  bed l a n d i n g  s i t e  f o r  e a r l y  OFTs. 

A c t i v a t i o n  o f  t h e  v a r i o u s  launch  and l and ing  s t a t i o n  se t s  has  been paced t o  match t h e  f l i g h t  hardware 
development ,  c e r t i f i c a t i o n ,  and r e a d i n e s s  f o r  f l i g h t .  However, t h e  launch  suppor t  team has  been f u l l y  
implemented, and a l l  pe r sonne l  a r e  on board and engaged i n  p r e l aunch  checkou t .  The Space S h u t t l e  l a n d i n g  
s t a t i o n s  a t  DFRC and KSC, and t h e  OPF and LPS a t  KSC were a c t i v a t e d  i n  FY 1979, and were o p e r a t i o n a l  a t  
t h e  beginning  o f  FY 1980. The mobi le  l a u n c h e r ,  pa r achu te  pack ing ,  p r o p u l s i v e  e lement  checkout  (SRB, E T ,  
SSME), and v e h i c l e  assembly s t a t i o n s  i n  t h e  VAB were a c t i v a t e d  i n  t h e  f i r s t  q u a r t e r  o f  FY 1980. 
l aunch  pad and SRB r e t r i e v a l  and d i s a s sembly  s t a t i o n  are  p r o g r e s s i n g  on s chedu le  toward a c t i v a t i o n  and 
o p e r a t i o n a l  s t a t u s  i n  t h e  t h i r d  q u a r t e r  o f  FY 1980. A second f i r i n g  room and LPS c o n t r o l  s e t  w i l l  a l s o  
be a c t i v a t e d  i n  FY 1980 t o  a l l o w  t h e  development and checkout  o f  ground t e s t  s o f t w a r e  i n  p a r a l l e l  w i t h  
v e h i c l e  t e s t i n g .  During FY 1980 c o n s t r u c t i o n  o f  f a c i l i t i e s  a t  White Sands i s  be ing  accomplished t o  handle  t h e  
o r b i t e r  p r o c e s s i n g  i n  even t  o f  l a n d i n g s  a t  t h a t  s i t e .  

The 
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Del ive ry  and i n s t a l l a t i o n  o f  most o f  t h e  r e q u i r e d  KSC GSE was completed d u r i n g  FY 1979 and e a r l y  FY 
1980.  About 98% o f  t h e  r e q u i r e d  KSC provided  GSE ( app rox ima te ly  290 models )  and 90% o f  t h e  c o n t r a c t o r  
p rovided  GSE ( app rox ima te ly  680 models )  have been d e l i v e r e d  and i n s t a l l e d  i n  t h e  p r o c e s s i n g  s t a t i o n s .  
Both GSE and f l i g h t  systems rep lacement  s p a r e s  a r e  be ing  l a i d  i n ,  p r o c e s s i n g  f l u i d s  are  be ing  s u p p l i e d  t o  
s u p p o r t  checkout  and t e s t i n g ,  and p r o p e l l a n t s  a r e  be ing  accumulated f o r  t h e  f i r s t  l aunch .  

The p r o c e s s i n g  s t a t i o n  a c t i v a t i o n  remain ing  f o r  FY 1980 i n c l u d e s  t h e  comple t ion  o f  a c t i v a t i o n  o f  t h e  
launch  pad and SRB r e t r i e v a l  and d i s a s sembly  s t a t i o n s .  The f u e l  c e l l  and h y p e r g o l i c  p r o p e l l a n t  l o a d i n g  
systems a r e  s t i l l  i n  t h e  t e s t  c e r t i f i c a t i o n  phase ,  an i c e  p r o t e c t i o n  and purge swing a r m  i s  be ing  
i n s t a l l e d  a t  t h e  launch  pad ,  and t h e  remain ing  GSE i s  be ing  implemented on s c h e d u l e .  

The major  p o r t i o n  o f  l aunch  and l a n d i n g  work now i s  t h e  o p e r a t i o n  of  t h e  s t a t i o n  se t s  and t h e  p r o c e s s i n g  
and launch  o f  t h e  f l i g h t  hardware .  P roces s ing  i n c l u d e s  t e s t  and checkout  o f  t h e  i n d i v i d u a l  f l i g h t  
e l e m e n t s ,  s t a c k i n g  and mat ing  o f  t h e  e l emen t s  t o  assemble t h e  o v e r a l l  space  v e h i c l e ,  and t e s t i n g ,  s e r v i c i n g ,  
and l aunch ing  t h e  v e h i c l e .  The development c o n t r a c t o r s  which p rov ide  o n- s i t e  launch  s u p p o r t  i n c l u d e  
Rockwell I n t e r n a t i o n a l ,  Mar t in  Mariet ta ,  United Space B o o s t e r s ,  I n c .  and Th ioko l .  

The O r b i t e r  Columbia ha s  been i n  p r o c e s s i n g  i n  t h e  OPF s i n c e  i t s  d e l i v e r y  t o  KSC i n  March 1979. It w a s  
d e l i v e r e d  w i thou t  some f l i g h t  systems and TPS t i l e s  i n s t a l l e d ,  and h a s  s i n c e  been undergoing manufac tu r ing  
comple t ion  i n  p a r a l l e l  w i th  sys tems  t e s t i n g .  Most systems have now been t e s t e d .  Some q u a l i f i c a t i o n  and 
c e r t i f i c a t i o n  t e s t s  have been per formed,  and some performance and i n t e g r a t i o n  t e s t s  remain t o  be comple ted .  
The f i r s t  f l i g h t  ET was d e l i v e r e d  i n  J u l y  1979,  and i t  i s  now be ing  p roces sed  i n  t h e  VAB. The f i r s t  se t  
o f  f l i g h t  SRB'S, which were d e l i v e r e d  i n  November and December 1979 ,  have undergone subassembly o f  s k i r t s  
and nose  f ru s t rums  t o  motor segments  and s t a c k i n g  on t h e  mobi le  l aunche r  i n  t h e  v e h i c l e  assembly s t a t i o n  
i n  t h e  VAB. 

The v e h i c l e  p r o c e s s i n g  s t i l l  t o  be accomplished i n  FY 1980 i n c l u d e s :  comple t ion  o f  f a b r i c a t i o n  and 
t e s t i n g  of  t h e  O r b i t e r  Columbia, mat ing  t h e  ET,  o r b i t e r ,  and SRBs; and p r o c e s s i n g  t h e  mated v e h i c l e  
th rough v e h i c l e  i n t e r f a c e  t e s t ,  f l i g h t  r e a d i n e s s  f i r i n g ,  countdown, and l aunch .  A f t e r  l a u n c h ,  t h e  SRB'S 
w i l l  be r e t r i e v e d  and d isassembled  f o r  r e fu rb i shmen t  and r e p r o c e s s i n g .  The o r b i t e r  w i l l  l and  a t  DFRC 
a f t e r  t h e  STS-1 m i s s i o n ,  be d e s e r v i c e d ,  then  mated w i th  t h e  c a r r i e r  a i r c r a f t  and f e r r i e d  back t o  KSC; 
where i t  w i l l  be i n s p e c t e d ,  r e p a i r e d ,  and r ep roces sed  i n c l u d i n g  t h e  rep lacement  o f  a number o f  TPS t i l e s .  
Other  f l i g h t  e l emen t s  w i l l  be p roces sed  f o r  STS-2 d u r i n g  FY 1980,  and work on t h e  tu rnaround o f  Columbia 
w i l l  be i n i t i a t e d  immediately a f t e r  STS-1. 
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CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The pr imary  r ea son  f o r  t h e  $ 4 5 . 2  m i l l i o n  i n c r e a s e  i n  t h e  budget  f o r  t h e  launch  and l a n d i n g  p r o j e c t  i s  
t h e  a d d i t i o n a l  t ime and e f f o r t  r e q u i r e d  t o  p r epa re  f o r  t h e  launch  o f  STS-1. T h i s  a d d i t i o n a l  e f f o r t  ha s  
impacted t h e  funding  r equ i r emen t s  because  O r b i t e r  1 0 2  has  been i n  p r o c e s s i n g  i n  t he  OPF longe r  than  
p l anned ,  wh i l e  t h e  t e s t  and checkout  phase o f  l aunch  p r e p a r a t i o n  i s  be ing  comple ted .  In a d d i t i o n ,  t he  
t e s t  and checkout  phase i s  proving  t o  be more compl ica ted  and r e q u i r e  more manpower than  had o r i g i n a l l y  
been e s t i m a t e d .  The c a p a c i t y  o f  t h e  LPS computers  r e q u i r e d  expans ion ,  and many changes n e c e s s a r y  t o  make 
t h e  ground sys tem o p e r a t e  p r o p e r l y  con t inued  t o  be r e q u i r e d  t o  p r e p a r e  GSE f o r  o p e r a t i o n a l  u s e .  

BASIS OF FY 1981 ESTIMATE: 

During F Y  1981, t h e  p r i n c i p a l  a c t i v i t i e s  i n  t h e  launch  and l a n d i n g  p r o j e c t  w i l l  f o c u s  on p r o c e s s i n g  
f l i g h t  e l emen t s  and v e h i c l e s  f o r  STS-2 th rough  STS-4. The f i s c a l  y e a r  e f f o r t  should  s t a r t  w i t h  t h e  
assembled space  v e h i c l e  f o r  STS-2 i n  t h e  VAB, proceed  w i t h  i n t e r f a c e  t e s t i n g  t h e r e ,  and t h e n  t h e  
f u l l  p r o c e s s i n g  p rocedu re  a t  t h e  pad. 
l o g i s t i c s ,  t r a n s p o r t a t i o n ,  p r o p e l l a n t s ,  and s p a r e s  p r o v i s i o n i n g .  There  a re  a l s o  p r o v i s i o n s  f o r  
f a c i l i t y  and equipment m o d i f i c a t i o n s  and r e q u i r e d  changes th roughout  t h i s  development pe r iod .  

Th i s  FY 1981 p r o c e s s i n g  a c t i v i t y  i s  suppor t ed  w i t h  t h e  LPS, 

MAJOR PROJECT A C T I V I T I E S  PLANNED I N  FY 1981: 

o Complete space  v e h i c l e  p r o c e s s i n g  and launch  f o r  STS-2 
o Perform element  and space  v e h i c l e  p r o c e s s i n g  and launch  f o r  subsequent  OFT mi s s ions  
o R e t r i e v e  r e u s a b l e  f l i g h t  hardware from OFTs 
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CHANGES AND SYSTEMS U P G R A D I N G  
- 1980 1981 

FY 1979 Budget Curren t  Budget 
Actua l  E s  t i m a  t e  E s t  i m a  t e  E s  t ima t e 

(Thousands of  D o l l a r s )  

Changes and Systems Upgrading ... . .. . . . . . . . .. . . . 
OBJECTIVES AND STATUS: 

- - 100,000 150,000 

Recent management and c o s t  rev iews  a t  v a r i o u s  l e v e l s  th roughout  t h e  Space S h u t t l e  Program a t  NASA and 
w i t h  major  c o n t r a c t o r s  have emphasized the need for an adequate allowance for likely changes and 
p o t e n t i a l  systems m o d i f i c a t i o n  t o  ach i eve  improved performance.  Such funds a r e  n e c e s s a r y ,  p a r t i c u l a r i l y  
a t  t h i s  t ime ,  t o  p rov ide  f o r  t h e  m o d i f i c a t o n s  which a r e  most l i k e l y  t o  r e s u l t  from t h e  o r b i t a l  f l i g h t  
t e s t s ,  n e c e s s a r y  changes t o  i n c r e a s e  r e l i a b i l i t y  and s a f e t y ,  and t o  lower o p e r a t i n g  c o s t s  o f  t h e  space  
t r a n s p o r t a t i o n  sys tem.  

Space S h u t t l e  system a r e a s  i n  which t h e s e  changes and upgrading  e f f o r t s  a r e  l i k e l y  t o  be r e q u i r e d  
i n c l u d e  t h e  e l evon  a c t u a t o r s ,  t h e  r a d i a t o r  door  c o n f i g u r a t i o n ,  t h e  launch  p r o c e s s i n g  sys tem,  p l u s  changes 
i n  t h e  f u e l  c e l l s ,  i n e r t i a l  measurement u n i t ,  and t h e  a u x i l i a r y  power u n i t .  A s  t h e s e  r equ i r emen t s  deve lop  
and a r e  approved they  w i l l  impact t h e  funding  e s t i m a t e s  f o r  e i t h e r  development o r  p roduc t ion  and t he  
funding  w i l l  be a p p l i e d  a c c o r d i n g l y .  

CHANGES FROM FY 1980 BUDGET ESTIMATE : 

T h i s  p r o v i s i o n  f o r  changes and systems upgrading  i s  a newly i d e n t i f i e d  requi rement  c o n s i s t e n t  w i t h  t h e  
recommendations o f  t h e  program management rev iews  and c o n s t i t u t e s  a p a r t  o f  t h e  proposed J?Y 1980 supple- 
mental appropriation for the Space Shuttle Program. 

BASIS OF FY 1981 ESTIMATE: 

I n  FY 1981,  t h e  o r b i t a l  f l i g h t  t e s t  program w i l l  be i n  p r o g r e s s  w i th  f l i g h t s  scheduled  on a t h r e e  t o  f o u r  
month i n t e r v a l s .  I t  i.s a n t i c i p a t e d  t h a t  changes and systems m o d i f i c a t i o n s  w i l l  be i d e n t i f i e d  from ou r  
f l i g h t  t e s t  e x p e r i e n c e .  To p rov ide  an adequa t e  a l lowance  a g a i n s t  t h e  e x p e c t a t i o n  o f  t h e s e  unknown r equ i r emen t s  
m a t e r i a l i z i n g  due t o  t h e  f l i g h t  a c t i v i t y ,  t h e  FY 1981 e s t i m a t e  ha s  been i n c r e a s e d  ove r  t h a t  planned i n  FY 1980. 
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PRODUCT ION 

1979 
Actual 

Orbiter. ............................................. 264,500 
Main Engine .......................................... 75,500 
Launch and Landing ................................... 7,000 
Spares and Equipment ................................. 21,000 

TOTAL PRODUCTION ................................... 368,000 

OBJECTIVES AND STATUS: 

1980 1981 
Page 

Estimate Estimate Estimate No. 
(Thousands of Dollars) 

Budget Current Budget 

570,600 572,600 768,200 RJI 1-22 
121,500 RD 1-23 

20,000 16,400 40,400 RD 1-23 
55,000 42,900 109,900 RD 1-23 

109,900 123,600 

755,500 755,500 __ 1,040,000 

Space Shuttle production provides for modification of the orbiter STA to orbital flight configuration 
(Orbiter 0991, refurbishment of Orbiter 102 after the OFT program and early operations period, and the 
fabrication and assembly of two additional orbiters to establish a national fleet of operational orbiters. 
Production activities also include fabrication of main engines, preparation of the second series ("second 
line") of Space Shuttle ground processing and launch support equipment at KSC to permit simultaneous 
processing of two Spact Shuttle vehicles, and the necessary Space Shuttle spares and equipment required to 
establish the initial inventory to support the operational flight rate capability of the Space Shuttle. 

The structural test program performed at Palmdale, CA, utilizing the orbiter STA airframe, was completed 
in 1979. The test data is being used to certify the structural capability of the orbiter. After completion 
of the planned structural testing, the STA was returned to the Rockwell plant at Palmdale to be converted 
t o  an orbital configuration (Orbiter 099 -- Challenger) for delivery in mid-1982. The modifications which 
have been started consist of the removal of specific elements and instrumentation required during testing; 
installation of a flight-type crew module; addition of functional subsystems such as the orbital maneuvering 
system, the reaction control system, the atmospheric revitalization system, and the flight control and 
communications systems; and the application of the TPS. 

RD 1-21 



F a b r i c a t i o n  and assembly  o f  t h e  ma jo r  subsys tems of Orbiter 103--Atlantis, which  i s  schedu led  f o r  d e l i v e r y  
l a t e  i n  1983, h a s  begun a t  Rockwell I n t e r n a t i o n a l  and a t  t h e  ma jo r  s t r u c t u r a l  s u b c o n t r a c t o r s .  The c r e w  
module and t h e  forward and a f t - f u s e l a g e  e l emen t s  a r e  i n  assembly  a t  kockwel l ;  and t h e  wings ,  v e r t i c a l  
s t a b i l i z e r ,  and mid- fuselage  a r e  i n  assembty a t  Rockwel l ' s  s u b c o n t r a c t o r s .  Some long  l e a d  o r d e r i n g  o f  
c r i t i c a l  p a r t s  was a l s o  accompl ished f o r  O r b i t e r  104 (Discovery)  d u r i n g  FY 1979. O r b i t e r  104 i s  scheduled  
f o r  d e l i v e r y  a t  t h e  end o f  1984. During 1979,  NASA d e f i n e d  n weight  r e d u c t i o n  program f o r  imnlementa t ion  
on O r b i t e r s  099 ,  103, and 104.  A d e f i n i t i z e d  c o n t r a c t ,  r e p l a c i n g  t h e  l e t t e r  c o n t r a c t  p l aced  i n  e f f e c t  ir 
FY 1979, i s  t o  be n e g o t i a t e d  and s igned  i n  FY 1980 f o r  t h e  manufac tu re  of t h e  RMS f o r  t h e  p r o d u c t i o n  
o r b i t e r s .  Funds a p p r o p r i a t e d  f o r  FY 1979 t o  m a i n t a i n  t h e  o p t i o n  f o r  p o s s i b l e  f a b r i c a t i o n  o f  a f i f t h  
o r b i t e r  were used  t o  begin  procurement o f  c r i t i c a l  long  l e a d  t i m e  i t e m s .  NASA o n l y  o r d e r e d  i t e m s  which 
were common t o  a f o u r  o r  f i v e  o r b i t e r  program and n o t  s p e c i f i c a l l y  f o r  a f i f t h  o r b i t e r .  

FY 1980 funding p r o v i d e s  f o r  c o n t i n u a t i o n  o f  long l e a d  t i m e  m a t e r i a l  and component procurements  f o r  
t h o s e  a d d i t i o n a l  f l i g h t  e n g i n e s  r e q u i r e d  f o r  t h e  o p e r a t i o n a l  o r b i t e r  f l e e t .  Engine component procurements  
i n c l u d e  h o t  g a s  manifo ld  and p r e b u r n e r  body f o r g i n g s ,  turbopump c a s t i n g s ,  main combust ion  chamber p a r t s ,  
and s e l e c t e d  raw m a t e r i a l s  and p l a t e  s t o c k  f o r  e n g i n e  component f a b r i c a t i o n .  In  a d d i t i o n ,  f a b r i c a t i o n  o f  
l i q u i d  hydrogen and l i q u i d  oxygen h i g h  and low p r e s s u r e  turbopump components h a s  been i n i t i a t e d ,  and assembly  
o f  t h e  f i r s t  s e t  o f  p r o d u c t i o n  e n g i n e s  w i l l  begin  d u r i n g  FY 1980.  

In o r d e r  t o  p rov ide  t h e  "second- l ine"  c a p a b i l i t y  r e q u i r e d  a t  KSC d u r i n g  t h e  o p e r a t i o n a l  y e a r s ,  t h e  pro-  
curement o f  n e c e s s a r y  a d d i t i o n a l  ground and launch s u p p o r t  equipment w a s  i n i t i - a t e d  d u r i n g  FY 1979.  T h i s  
equipment w i l l  be i n s t a l l e d  i n  t h e  OPF and t h e  LCC a t  KSC.  NASA h a s  a l s o  i n i t i a t e d  t h e  procurement o f  
f l i g h t  crew equipment f o r  t h e  e x t r a v e h i c u l a r  m o b i l i t y  u n i t  ( s p a c e s u i t ) ,  communications equipment ,  and t h e  
p o r t a b l e  oxygen sys tem.  In a d d i t i o n ,  procurements  f o r  ET and SRB r a t e  t o o l i n g  w i l l  be i n i t i a t e d  i n  FV 
1980. 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The c u r r e n t  FY 1980 e s t i m a t e s  a r e  t h e  same i n  t o t a l  a s  p r o j e c t e d  i n  t h e  FY 1980 budge t .  There  h a s  been 
a r e b a l a n c i n g  t o  r e f l e c t  t h e  r e v i s e d  o r b i t e r  d e l i v e r y  s c h e d u l e s  and t h e  a c c e l e r a t i o n  o f  e n g i n e s  t o  p r o v i d e  
backup hardware t o  s u p p o r t  t h e  de7,elopment program. 

BASIS OF FY 1981 ESTIMATE: 

Orb i t e r  

M o d i f i c a t i o n  of O r b i t e r  099 t o  o r b i t a l  f l i g h t  c o n f i g u r a t i o n  w i l l  c o n t i n u e  d u r i n g  FY 1981 f o r  
d e l i v e r y  t o  KSC i n  mid-1982. 
o r b i t a l  maneuvering sys tem and t h e  r e a c t i o n  c o n t r o l  system, w i l l  b e  c o n t i n u e d  f o r  assembly  i n t o  O r b i t e r  099. 

F a b r i c a t i o n  of  a new c r e w  module and o t h e r  major  subsys tems,  such  as  t h e  
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F a b r i c a t i o n  of  t h e  major  s t r u c t u r a l  e l emen t s  f o r  O r b i t e r  103 w i l l  c o n t i n u e  i n  FY 1981 f o r  d e l i v e r y  i n  
l a t e  1983.  These a c t i v i t i e s  w i l l  i n c l u d e  t h e  a f t  f u s e l a g e ,  c rew module, wings ,  and TPS t i l e s .  In 
a d d i t i o n ,  manufac tur ing  a c t i v i t i e s  w i l l  be i n i t i a t e d  on subsystems such a s  t h e  o r b i t a l  maneuvering sys tem,  
r e a c t i o n  c o n t r o l  sys tem,  f l i g h t  c o n t r o l  and communciations sy s t ems ,  and envi ronmenta l  c o n t r o l  sys tems .  

I n  FY 1981,  f a b r i c a t i o n  w i l l  beg in  on t h e  f o u r t h  f l i g h t  v e h i c l e ,  O r b i t e r  104,  which i s  planned f o r  
d e l i v e r y  a t  t h e  end o f  1984. The e f f o r t s  w i l l  c o n s i s t  o f  c o n t i n u i n g  t h e  procurement o f  long- lead i t ems  
such a s  b a s i c  m a t e r i a l s  and f o r g i n g s  by t h e  major  s t r u c t u r a l  subsys tem c o n t r a c t o r s .  S e l e c t e d  subassembly 
vendors  w i th  a long  l e a d  t ime f a b r i c a t i o n  c y c l e  w i l l  a l s o  c o n t i n u e  manufac tur ing  hardware f o r  O r b i t e r  104. 
The weight  s a v i n g  a c t i v i t i e s  i n i t i a t e d  i n  FY 1979 w i l l  c o n t i n u e  d u r i n g  FY 1981 t o  suppor t  O r b i t e r  099,  103 
and 104 d e l i v e r i e s .  

In FY 1981, Remote Manipula tor  System (RMS) p r o d u c t i o n  w i l l  also c o n t i n u e  i n  o r d e r  t o  p r o v i d e  the arms, 
s p a r e s ,  and GSE €or  fo l low- on o p e r a t i o n a l  use .  

Main Ennine 

P roduc t ion  eng ine  m a t e r i a l s  and component procurement w i l l  c o n t i n u e  d u r i n g  FY 1981. Component d e l i v e r i e s  
such a s  f o r g i n g s ,  turbopumps, main combust ion chamber p a r t s ,  and o t h e r  eng ine  p a r t s  w i l l  be phased t o  
suppor t  t h e  f a b r i c a t i o n  and assembly o p e r a t i o n s .  F a b r i c a t i o n  and assembly o f  eng ines  f o r  i n s t a l l a t i o n  
i n t o  O r b i t e r  099 ,  w i l l  be completed and t h e  eng ines  w i l l  be d e l i v e r e d  t o  KSC d u r i n g  FY 1981. F a b r i c a t i o n  
and assembly of  eng ines  f o r  i n s t a l l a t i o n  i n t o  O r b i t e r  103 w i l l  be underway by t h e  end o f  FY 1981. E a r l y  
d e l i v e r y  of  p roduc t ion  eng ines  w i l l  p rov ide  a d d i t i o n a l  hardware i n  t h e  even t  i t  i s  r.eeded f o r  development 
t e s t i n g .  A l l  eng ines  w i l l  a l s o  undergo accep t ance  t e s t i n g  a t  NSTL b e f o r e  d e l i v e r y  t o  KSC. 

- Launch and Landing 

The c a p a b i l i t y  a t  KSC t o  s u p p o r t  s imu l t aneous  launch p r o c e s s i n g  and checkout  o f  two o r b i t e r  v e h i c l e s  
r e q u i r e s  t h e  procurement o f  a d d i t i o n a l  ground and launch  s u p p o r t  equipment .  I n  FY 1981,  t h e  procurement  
o f  t h i s  " second- l ine"  c a p a b i l i t y  w i l l  be c o n t i n u e d .  The FY 1981 e f f o r t s  w i l l  i n c r e a s e  f o r  GSE p u r c h a s e s ,  
i n s t a l l a t i o n  i n  t h e  OPF Bay No. 2 and t h e  two remain ing  h igh  bays o f  t h e  VAB, m o d i f i c a t i o n s  t o  t h e  second 
mobile  launch  p l a t f o r m ,  and i n s t a l l a t i o n  o f  l aunch  p r o c e s s i n g  sys tem equipment i n  t h e  Launch Central 
Center's (LCC's) second f i r i n g  room. 

Spa re s  and Equipment 

Space S h u t t l e  s p a r e s  and equipment :nc lude :  o r b i t e r  f l i g h t  and GSE s p a r e s ,  main eng ine  s p a r e s ,  KSC 
launch  s i t e  GSE s p a r e s ,  and crew equipment .  
p roduc t ion  d u r i n g  t h e  o p e r a t i o n a l  y e a r s  i s  a l s o  p rov ided .  
o f  f l i g h t  s p a r e s  f o r  t h e  r e q u i r e d  o r b i t e r  subsystems and main eng ine  component s p a r e s ,  and w i l l  c o n t i n u e  
pu rchas ing  t o o l i n g  f o r  t h e  i n c r e a s e d  SRB and ET p roduc t ion  r a t e  r e q u i r e d  f o r  f u t u r e  o p e r a t i o n s .  

SRB and ET r a t e  t o o l i n g  r e q u i r e d  t o  i n c r e a s e  t h e  r a t e  o f  
During FY 1981, NASA w i l l  i n i t i a t e  procurement  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1981 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF SPACE TRANSPORTATION SYSTEMS SPACE FLIGHT OPERATIONS PROGRAM 

SUMMARY OF RESOURCES REQUIREMENTS -. 

1980 1981 
1979 Budget C u r r e n t  Budget Page 

A c t u a l  Es t ima te  Es t ima te  Es t ima te  - No. 
(Thousands of D o l l a r s )  

Space t r a n s p o r t a t i o n  sys tems o p e r a t i o n s  

172,600 183,500 RD 2-13 Development, test  and m i s s i o n  s u p p o r t . .  ....................... 177,200 172,600 
13,000 10,800 RD 2-19 Advanced programs............................................. 7,000 13,000 

151,700 RD 2-21 Space lab  ...................................................... 26,700 58,800 58 ,800 
Space t r a n s p o r t a t i o n  sys tem o p e r a t i o n . .  ....................... 24,300 153,100 148 , 100 374,500 RD 2-23 

89,000 RD 2-3 c a p a b i l i t y  development ...................................... 64,500 69,800 54 ,100 

T o t a l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ................ 299,700 467,300 446 , 600 809 , 500 

D i s t r i b u t i o n  of Program Amount by I n s t a l l a t i o n :  

Johnson Space C e n t e r . . . . . .  .................................... 145,752 
Kennedy Space C e n t e r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  66,154 
Marsha l l  Space F l i g h t  C e n t e r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .. 72,554 
N a t i o n a l  Space Technology L a b o r a t o r i e s  ........................ 5,900 
Goddard Space F l i g h t  C e n t e r . . . . . . . . . . , . . . . . . . . . . . .  ............ 5,556 
Jet  P r o p u l s i o n  Labora to ry  --- 
Ames  Research  C e n t e r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Langley Research  C e n t e r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ---  
L e w i s  Research  Cen te r .  ........................................ 
Headqua r t e r s  .................................................. 3 ,784  

..................................... --- 
--- 

170,800 
71,700 

208,450 
5,500 
6,700 --- 

4,150 

140,850 2 10,700 
87,800 138,500 

197,350 436,700 

7,800 7,100 
200 200 

100 100 

5,500 5,200 

--- --- 
--- --- 

7 ,000  11 ,000 

809,500 ..................................................... 446,600 T o t a l . .  299,700 467,300 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1981  ESTIMATES 

OFFICE OF SPACE TRANSPORTATION SYSTEMS SPACE FLIGHT OPERATIONS PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The Space F l i g h t  O p e r a t i o n s  program i n c l u d e s  Space T r a n s p o r t a t i o n  Systems O p e r a t i o n s  C a p a b i l i t y  Development; 
t h e  common s u p p o r t  a c t i v i t i e s  conducted under  Development, Test and Miss ion  Suppor t ;  Advanced Programs; Space lab ;  
and Space T r a n s p o r t a t i o n  System O p e r a t i o n s .  

Space T r a n s p o r t a t i o n  Systems (STS) O p e r a t i o n s  C a p a b i l i t y  Development p r o v i d e s  f o r  s p a c e  t r a n s p o r t a t i o n  sys tem 
development a c t i v i t i e s  o t h e r  t h a n  t h e  Space S h u t t l e .  These development and s u p p o r t  a c t i v i t i e s  are n e c e s s a r y  t o  
t h e  o r d e r l y  t r a n s i t i o n  t o  STS o p e r a t i o n s .  P r i n c i p a l  areas of a c t i v i t y  i n c l u d e  t h e  STS Upper S t a g e s ,  Mul t i -  
m i s s i o n  and Payload Suppor t  Equipment, Miss ion  C o n t r o l  Cen te r  Upgrading (Level I I ) ,  Payload and O p e r a t i o n s  
Suppor t  and T h r u s t  Augmentation.  

Development, Test and Miss ion  Suppor t  p r o v i d e s  t h e  common e n g i n e e r i n g ,  s c i e n t i f i c  and t e c h n i c a l  s u p p o r t  
r e q u i r e d  a t  t h e  Johnson Space C e n t e r ,  t h e  Kennedy Space C e n t e r ,  t h e  M a r s h a l l  Space F l i g h t  C e n t e r ,  and t h e  
N a t i o n a l  Space Technology L a b o r a t o r i e s  f o r  s p a c e  t r a n s p o r t a t i o n  sys tems  r e s e a r c h  and development a c t i v i t i e s .  

The Advanced Programs e f f o r t  p r o v i d e s  t e c h n i c a l  as w e l l  as programmatic d a t a  f o r  t h e  d e f i n i t i o n  and e v a l u a t i o n  
of p o t e n t i a l  f u t u r e  s p a c e  m i s s i o n s  and sys tems .  I n  s u p p o r t  of t h i s  e f f o r t ,  advanced development a c t i v i t i e s  are 
conducted t o  p r o v i d e  a b a s i s  f o r  o b t a i n i n g  s i g n i f i c a n t  performance r e l i a b i l i t y  improvements and reduc ing  f u t u r e  
program r i s k s  and development c o s t s  th rough  t h e  e f f e c t i v e  u s e  of new techno logy .  

The Space lab  i s  a major  e l ement  of t h e  Space T r a n s p o r t a t i o n  System. The program is  be ing  c a r r i e d  o u t  j o i n t l y  
by NASA and t h e  European Space Agency (ESA). NASA's s u p p o r t  of ESA'S Space lab  development e f f o r t  i n c l u d e s  
development of s u p p o r t  equipment n o t  p rov ided  by ESA. Other  a c t i v i t i e s  i n c l u d e  procurement  of f l i g h t  hardware ,  
and sys tem a c t i v a t i o n  a c t i v i t i e s  which a s s u r e  Space lab  c o m p a t i b i l i t y  w i t h  t h e  o r b i t e r  and which w i l l  l e a d  t o  a n  
o p e r a t i o n a l  c a p a b i l i t y .  

Space T r a n s p o r t a t i o n  System O p e r a t i o n s  w i l l  p r o v i d e  t h e  t r a n s p o r t a t i o n  s e r v i c e s  and o p e r a t i o n a l  a c t i v i t i e s  t o  
b r i n g  a b o u t  a new era i n  c a p i t a l i z i n g  on t h e  un ique  advan tages  of s p a c e  t o  a c h i e v e  expans ion  of human knowledge 
and p r a c t i c a l  b e n e f i t s  on E a r t h .  The Space T r a n s p o r t a t i o n  System O p e r a t i o n s  a c t i v i t i e s  i n t e g r a t e  t h e  Space 
S h u t t l e  sys tem,  t h e  Space lab ,  t h e  Upper S t a g e s  i n t o  a v e r s a t i l e  and economical  sys tem;  accompl i sh  m i s s i o n  
p l a n n i n g ;  p r o v i d e  t h e  o p e r a t i o n a l  r e c u r r i n g  hardware  and consumables;  and s u p p o r t  a l l  l a u n c h ,  f l i g h t ,  r e c o v e r y ,  
crew and r e l a t e d  a c t i v i t i e s .  
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Space T r a n s p o r t a t i o n  System (STS) O p e r a t i o n s  C a p a b i l i t y  Development 

1979 
Actual  -- 

Space t r a n s p o r t a t i o n  sys tem upper  stages............... 19,300 
M u l t i m i s s i o n  and payload s u p p o r t  equipment............ 10,400 
Miss ion  c o n t r o l  c e n t e r  (MCC) upgrad ing  (Level 11) .  .... 10,300 
Payload and o p e r a t i o n s  support........................ L0,OOO 
T h r u s t  augmentation................................... 4,000 
T e l e o p e r a t o r  r e t r i e v a l  system......................... 10,500 

Total............................................... 64,500 

1980 
Budget Cur ren t  

(Thousands of D o l l a r s )  
E s t  imat e E s t  ima t e 

18,300 18,300 
9,600 9,600 

16,000 12,900 
10,900 10,900 
15,000 2,400 

6 9,800 5 4,100 

1981 
Budget 

E s t i m a t e  

39,000 
13,000 
15,800 
11,200 
10,000 --- 
89.000 

Page 
No . - 

RD 2-5 
RD 2-7 
RD 2-8 
RD 2-9 
RD 2-11 

--- 

OBJECTIVES AND STATUS : 

The Space T r a n s p o r t a t i o n  Systems O p e r a t i o n s  C a p a b i l i t y  Development a c t i v i t y  i n c l u d e s  f i v e  major  areas of 
e f f o r t :  Space T r a n s p o r t a t i o n  System Upper S t a g e s ;  M u l t i m i s s i o n  and Payload Suppor t  Equipment; t h e  Miss ion  
C o n t r o l  Cen te r  (MCC) Upgrading (Level  1 1 ) ;  Payload and O p e r a t i o n s  Suppor t  and T h r u s t  Augmentation.  The STS 
Upper S t a g e s ,  which c o n s i s t  of t h e  I n e r t i a l  Upper S t a g e  ( IUS)  and t h e  Sp inn ing  S o l i d  Upper S t a g e  (SSUS),  are 
a n  i n t e g r a l  p a r t  of t h e  Space T r a n s p o r t a t i o n  System. They are expendab le ,  p r o p u l s i v e  s t a g e s  r e q u i r e d  t o  pro-  
v i d e  t h e  c a p a b i l i t y  t o  dep loy  Shu t t l e- launched  pay loads  t o  h i g h  energy o r b i t s  n o t  a t t a i n a b l e  by t h e  S h u t t l e  
a l o n e .  The I U S ,  be ing  developed by t h e  Department of Defense ,  i s  a m u l t i - s t a g e ,  s o l i d  p r o p e l l a n t  expendab le  
v e h i c l e  which w i l l  become o p e r a t i o n a l  i n  1981. 
t o  geosynchronous  o r b i t  and f o r  h i g h  energy  p l a n e t a r y  m i s s i o n s .  The Sp inn ing  S o l i d  Upper S t a g e s  (SSUS) ,  
be ing  developed by t h e  McDonnell Douglas C o r p o r a t i o n  as a commercial  v e n t u r e  are s p i n - s t a b i l i z e d  s o l i d  pro- 
p e l l a n t  expendable  upper s t a g e s  s i z e d  t o  be  used f o r  D e l t a  and f o r  At las- Centaur  class pay loads  t o  b e  launched 
i n t o  geosynchronous o r b i t .  

The IUS w i l l  b e  used f o r  d e l i v e r y  of up t o  5,000 pound pay loads  

M u l t i m i s s i o n  and Payload Suppor t  Equipment c o n s i s t s  of ground and f l i g h t  hardware  used f o r  i n t e r f a c e s  
between t h e  pay loads  and t h e  Space T r a n s p o r t a t i o n  System, as w e l l  as t es t  equipment t o  v e r i f y  payload i n t e -  
g r a t i o n  c o m p a t i b i l i t y .  
v a r i e t y  o f  pay loads .  

T h i s  c lass  of hardware  w i l l  be developed i n t o  a s t a n d a r d ,  r e u s a b l e  i n v e n t o r y  f o r  a 

The Miss ion  C o n t r o l  Center  (MCC) Upgrading (Leve l  11)  is  t h e  r e c o n f i g u r a t i o n  of t h e  Johnson Space Cen te r  
Miss ion  C o n t r o l  Cen te r  t o  s u p p o r t  t h e  STS o p e r a t i o n a l  f l i g h t  s c h e d u l e  r e q u i r e m e n t s .  Leve l  I1 w i l l  p r o v i d e  
a d d i t i o n a l  hardware ,  equipment ,  and s o f t w a r e  t o  upgrade t h e  llCC t o  p r o v i d e  t h e  c a p a b i l i t y  o s u p p o r t  two 
s i m u l t a n e o u s  o r b i t e r  m i s s i o n s ,  t h e  ground s i m u l a t i o n  network,  and a n  MCC-launch s l t e  I n t e r E a c e .  RD 2-3 



The Payload and O p e r a t i o n s  Suppor t  a c t i v i t y  c o n s i s t s  of t h r e e  major  e f f o r t s :  O p e r a t i o n s  Management S u p p o r t ,  
O r b i t a l  F l i g h t  T e s t  (OFT) Payload I n t e g r a t i o n ,  and t h e  Payload O p e r a t i o n s  C o n t r o l  Cen te r  (POCC) . The O p e r a t i o n s  
Management Support  e f f o r t s  are focused  on d e t e r m i n i n g  t h e  most e f f i c i e n t  method of o p e r a t i n g  t h e  Space Trans-  
p o r t a t i o n  System. The O r b i t a l  F l i g h t  T e s t  Payload I n t e g r a t i o n  p r o v i d e s  f o r  i n t e g r a t i n g  pay loads  on t h e  OFT 
f l i g h t s  d u r i n g  t h e  1980-1981 p e r i o d .  The POCC, t o  b e  l o c a t e d  a t  t h e  Johnson Space C e n t e r ,  w i l l  p r o v i d e  f a c i l -  
i t i e s  f o r  command and c o n t r o l  of S h u t t l e / S p a c e l a b  a t t a c h e d  pay loads .  

T h r u s t  Augmentation i s  t h e  d e f i n i t i o n  of r e q u i r e m e n t s  and s p e c i f i c a t i o n s  t o  p r o v i d e  t h e  a d d i t i o n a l  t h r u s t  
n e c e s s a r y  t o  i n s u r e  f u l l  Space S h u t t l e  sys tem payload deployment c a p a b i l i t y  o f  o r b i t e r  m i s s i o n s  launched from 
t h e  Vandenberg A i r  Force  Base. Of the p o s s i b l e  T h r u s t  Augmentation o p t i o n s  s t u d i e d ,  t h e  s e l e c t e d  approach i s  
t h e  a d d i t i o n  of a l i q u i d  b o o s t  module, u s i n g  T i t a n  hardware mounted under  t h e  E x t e r n a l  Tank. 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The STS O p e r a t i o n s  C a p a b i l i t y  Development estimate changes are e x p l a i n e d  w i t h i n  each  p r o j e c t .  

BASIS OF FY 1981  ESTIMATES: 

STS Upper S t a g e s  funds  are r e q u i r e d  i n  FY 1981 t o  c o n t i n u e  t o  s u p p o r t  t h e  development of t h e  NASA-Unique IUS 
c o n f i g u r a t i o n ,  hardware,  s o f t w a r e ,  I U S  m i s s i o n  p lann ing ,  and implementat ion.  

FY 1981  fund ing  f o r  t h e  M u l t i m i s s i o n  and Payload Suppor t  Equipment (MMPSE) i s  r e q u i r e d  t o  complete  develop-  
ment,  i n i t i a l  t e s t i n g  and o r b i t e r  i n s t a l l a t i o n  of MMPSE m i s s i o n  k i t s  and t h e  payload s p e c i a l i s t  s t a t i o n  (PSS); 
complete  t e s t i n g  of  t h e  t r a c e  g a s  a n a l y z e r  and t h e  f i r s t  se t  of c a r g o  i n t e g r a t i o n  and t e s t  equipment (CITE); 
c o n t i n u e d  d e s i g n  of mixed ca rgo  hardware  and CITE d u a l  c a p a b i l i t y .  

FY 1981  f u n d i n g  i s  r e q u i r e d  t o  c o n t i n u e  s u p p o r t  i n  upgrading t h e  Miss ion  C o n t r o l  Cen te r  (Level  11) a t  t h e  
Johnson Space C e n t e r ,  i n c l u d i n g  comple t ion  of  t h e  d e s i g n  s p e c i f i c a t i o n s  f o r  m u l t i - v e h i c l e  command and c o n t r o l  
s o f t w a r e  and r e l a t e d  sys tems  and t h e  i n i t i a t i o n  of sys tems  i n t e g r a t i o n  and t e s t i n g .  

I n  a d d i t i o n ,  FY 1981  f u n d s  are r e q u i r e d  t o  complete  checkout  and t e s t i n g  of t h e  Payload O p e r a t i o n s  Cont ro l  
Cen te r  i n  s u p p o r t  of o p e r a t i o n a l  f l i g h t  s c h e d u l e  r e q u i r e m e n t s  and s u p p o r t  of o r b i t a l  f l i g h t  test  m i s s i o n  
pay loads .  O p e r a t i o n s  Management Suppor t  w i l l  c o n t i n u e  t o  f o c u s  on e f f i c i e n t  modes of o p e r a t i n g  t h e  Space 
T r a n s p o r t a t i o n  System (STS). 

T h r u s t  Augmentation e f f o r t  must c o n t i n u e  i n  FY 1981  on Phase  B d e s i g n  s t u d i e s  t o  conc lude  d e f i n i t i o n  of 
d e s i g n  s p e c i f i c a t i o n s  and t o  s t u d y  t h e  impact  of t h e  T h r u s t  Augmentation c o n c e p t  w i t h  r e s p e c t  t o  t h e r m a l  and 
l o a d s  impact  on t h e  t o t a l  S h u t t l e  sys tem and f a c i l i t i e s .  
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1980 1981  
1979 Budget Cur ren t  Budget 

A c t u a l  Estimate E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s )  

Space T r a n s p o r t a t i o n  System (STS) Upper S t a g e s  ................. 1 9  , 300 18 ,300  18 , 300 39,000 

OBJECTIVES AND STATUS: 

The Space T r a n s p o r t a t i o n  System (STS) Upper S t a g e s  are r e q u i r e d  t o -p r o v i d e  t h e  c a p a b i l i t y  t o  dep loy  S h u t t l e-  
launched pay loads  t o  o r b i t s  n o t  a t t a i n a b l e  by t h e  S h u t t l e  a l o n e .  These Upper S t a g e s  are t h e  I n e r t i a l  Upper 
S t a g e  (IUS) and the Sp inn ing  S o l i d  Upper S t a g e  (SSUS) r e q u i r e d  f o r  d e l i v e r y  of pay loads  t o  geosynchronous 
o r b i t s  and f o r  h i g h  energy  m i s s i o n s ,  s u c h  as p l a n e t a r y  e x p l o r a t i o n  m i s s i o n s .  

The I n e r t i a l  Upper S t a g e  i s  be ing  developed by t h e  Department of Defense  (DOD). It i s  a m u l t i- s t a g e ,  s o l i d  
p r o p e l l a n t  expendab le  v e h i c l e  and w i l l  b e  o p e r a t i o n a l  i n  1981. NASA i s  c o o r d i n a t i n g  the i n c o r p o r a t i o n  of 
NASA-unique and o t h e r  non-DOD r e q u i r e m e n t s  d u r i n g  t h e  d e s i g n ,  development ,  t es t ,  and e v a l u a t i o n  phase  t o  
i n s u r e  IUS o p e r a t i o n s  c o m p a t i b i l i t y  w i t h  the s p a c e  t r a n s p o r t a t i o n  sys tem.  
of up t o  5 ,000  pound pay loads  t o  geosynchronous o r b i t  and f o r  h i g h  energy  p l a n e t a r y  m i s s i o n s .  

The IUS w i l l  be  used f o r  d e l i v e r y  

The I n e r i a l  Upper S t a g e  (IUS) payload c a p a b i l i t y  exceeds  t h e  c a p a b i l i t y  needed by many geosynchronous 
p a y l o a d s  u s i n g  t o d a y ' s  expendable  l a u n c h  v e h i c l e s .  
m e r c i a l l y  f o r  t h e s e  smaller pay loads  i n  two we igh t  classes. The Delta class (SSUS-D) w i l l  b e  c a p a b l e  of 
i n j e c t i n g  up t o  2750-pound pay loads  i n t o  geosynchronous  t r a n s f e r  o r b i t ,  w h i l e  t h e  Atlas Centaur  c lass  (SSUS-A) 
w i l l  b e  c a p a b l e  of i n j e c t i n g  4,400-pound pay loads  i n t o  t h e  same o r b i t .  S p a c e c r a f t  apogee motors  p l a c e  t h e  
s p a c e c r a f t  (1 ,400 and 2 ,250 pounds,  r e s p e c t i v e l y ,  f o r  SSUS-D and SSUS-A) i n t o  f i n a l  geosynchronous o r b i t .  
The SSUS-A and SSUS-D o f f e r  l a u n c h  c o s t  economies t o  the u s e r  community. These r e l a t i v e l y  low c o s t  upper  
s t a g e s  have s i m p l e  p h y s i c a l  and f u n c t i o n a l  i n t e r f a c e s  € o r  pay loads  and f a c i l i t a t e  a n  e a r l y  and o r d e r l y  
t r a n s i t i o n  from t h e  c u r r e n t  expendable  l aunch  v e h i c l e s  t o  t h e  o p e r a t i o n a l  STS. Two SSUS-A's o r  f o u r  
SSUS-D's w i t h  t h e i r  s p a c e c r a f t  can  b e  f lown on a s i n g l e  S h u t t l e  f l i g h t .  
u s e r  c a n  b e  s i g n i f i c a n t l y  reduced.  The SSUS emphasis  i s  on s e r v i c i n g  t h e  commercial s p a c e c r a f t  u s e r  and h i s  
r e q u i r e m e n t s .  

The Sp inn ing  S o l i d  Upper S t a g e  i s  b e i n g  developed com- 

A s  a r e s u l t ,  t h e  l aunch  c o s t s  t o  t h e  

The DOD two- stage IUS c o n f i g u r a t i o n  and t h e  NASA un ique  twin and t w i n  s p i n n e r  v e h i c l e  developments  a re  
p roceed ing  on  s c h e d u l e  t o  meet schedu led  l a u n c h e s  beg inn ing  i n  l a t e  1981. 
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The c r i t i c a l  d e s i g n  r e v i e w  h a s  been s u c c e s s f u l l y  completed and v e h i c l e  and a i r b o r n e  s u p p o r t  equipment 
component q u a l i f i c a t i o n  i s  underway and schedu led  f o r  comple t ion  e a r l y  i n  1980. S i x  motor case b u r s t  tests, 
t h r e e  motor  s k i r t  tests,  and two f u l l - s c a l e  motor f i r i n g s  were s a t i s f a c t o r i l y  conducted t h i s  y e a r .  Also  i n  
FY 1980,  sys tems  q u a l i f i c a t i o n  of t h e  two- stage v e h i c l e  and i t s  a i r b o r n e  s u p p o r t  equipment w i l l  b e  completed.  
The two- stage IUS w i l l  s u p p o r t  t h e  f i r s t  l aunch  o f  TDRSS i n  l a t e  1981. 

The sys tems  level  p r e l i m i n a r y  d e s i g n  review has  been h e l d  f o r  t h e  NASA un ique  twin  and twin  s p i n n e r  IUS 
w i t h  a d e l t a  d e s i g n  review schedu led  f o r  e a r l y  1980. V e h i c l e  and a i r b o r n e  s u p p o r t  equipment d e s i g n s  have  
been modi f i ed  t o  a l l o w  i n c o r p o r a t i o n  of changes  ( p r i m a r i l y  s t r u c t u r a l )  t h a t  were s e l e c t e d  t o  p r o v i d e  perform- 
a n c e  improvements n e c e s s a r y  t o  m e e t  d e s i g n  r e f e r e n c e  m i s s i o n  r e q u i r e m e n t s .  The NASA unique development 
program i s  i n  t h e  p r o c e s s  of b e i n g  rephased  t o  a s c h e d u l e  which w i l l  s u p p o r t  a n  I n t e r n a t i o n a l  S o l a r  P o l a r  
Miss ion f i r s t  l aunch  i n  e a r l y  1983. A s  h r e s u l t ,  t h e  c r i t i c a l  d e s i g n  r e v i e w  w i l l  b e  r e s c h e d u l e d  f o r  l a t e  
1980. The development of ground and f l i g h t  o p e r a t i o n s  c a p a b i l i t y  and IUS/Orb i t e r  i n t e g r a t i o n  a n a l y s e s  and 
t e s t i n g  i s  c o n t i n u i n g .  

The commercial  development of t h e  SSUS-A and SSUS-D by McDonnell Douglas C o r p o r a t i o n  i s  p roceed ing  on 
s c h e d u l e  t o  meet a n t i c i p a t e d  l a u n c h  r e q u i r e m e n t s .  The d e s i g n  h a s  been completed and c r i t i c a l  d e s i g n  r e v i e w s  
accompl i shed .  Materials and components have been  p rocured  and most e l e m e n t s  are manufactured and ready  f o r  
assembly.  SSUS-D motor development h a s  been  completed and q u a l i f i c a t i o n  i s  b e g i n n i n g ;  two development motors  
were s u c c e s s f u l l y  t e s t e d  a t  s i m u l a t e d  a l t i t u d e  i n  May and September of 1979,  and t h e  f i r s t  q u a l i f i c a t i o n  
motor w a s  t e s t e d  i n  November. T e s t i n g  t o  d e t e r m i n e  t h e  s p a c e c r a f t  v i b r a t i o n  environment  induced by SSUS-A 
motor b u r n  w a s  completed i n  December. The SSUS q u a l i f i c a t i o n  program is  now s t a r t i n g  and w i l l  b e  t h e  
p r i n c i p a l  development a c t i v i t y  d u r i n g  1980. During FY 1980, p l a n n i n g  and a n a l y s e s  t o  i n t e g r a t e  t h e  SSUS w i t h  
t h e  S h u t t l e  w i l l  be  c o n t i n u e d .  

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

Al though no change from t h e  FY 1980 budge t  is shown a t  t h i s  t i m e ,  p r e s e n t  estimates i n d i c a t e  t h a t  i t . w i l l  
be  n e c e s s a r y  t o  p r o v i d e  some a d d i t i o n a l  fund ing  t o  c o n t i n u e  upper s t a g e  development on a s c h e d u l e  c o n s i s t e n t  
w i t h  f l i g h t  m i s s i o n s  r e q u i r e m e n t s .  A p p r o p r i a t e  n o t i f i c a t i o n  w i l l  be  p rov ided  t o  Congress iona l  commit tees  as 
t h e  e x t e n t  of t h i s  a d d i t i o n a l  r equ i rement  i s  more c l e a r l y  d e f i n e d .  

BASIS OF FY 1981  ESTIMATE: 

The FY 1981  STS Upper S t a g e s  f u n d i n g  i s  r e q u i r e d  t o  c o n t i n u e  t o  s u p p o r t  t h e  development of t h e  NASA-unique 
IUS c o n f i g u r a t i o n .  T h i s  e f f o r t  i n c l u d e s  comple t ion  of t h e  c r i t i c a l  d e s i g n  r e v i e w  of t h e  NASA un ique  develop-  
ments and i n i t i a t i o n  of component and s o f t w a r e  q u a l i f i c a t i o n .  I n  a d d i t i o n ,  t h e  fund ing  w i l l  s u p p o r t  c o n t i n-  
u a t i o n  of t h e  development of NASA IUS launch  s i t e  ground o p e r a t i o n s  c a p a b i l i t y ;  IUS/Orbi ter  i n t e g r a t i o n  
a n a l y s e s  and t e s t i n g ;  and t h e  development of IUS m i s s i o n  p l a n n i n g  and f l i g h t  o p e r a t i o n s  c a p a b i l i t y .  
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1980 1981  
C u r r e n t  Budget 1979 Budget 

A c t u a l  E s t i m a t e  E s t i m a t e  E s t  i m a t  e 
(Thousands of D o l l a r s )  

13,000 M u l t i m i s s i o n  and Payload Suppor t  Equipment .................... 10,400 9 ,600 9 ,600 

OBJECTIVES AND STATUS: 

M u l t i m i s s i o n  and Payload Suppor t  Equipment c o n s i s t s  of equipment r e q u i r e d  t o  i n t e g r a t e  and check o u t  payload 
e l e m e n t s ,  and a class of ground and f l i g h t  hardware  t h a t  w i l l  p r o v i d e  a n  i n t e r f a c e  between t h e  pay loads  and 
e l e m e n t s  of t h e  Space T r a n s p o r t a t i o n  System (STS). These r e q u i r e m e n t s  c a n  b e  s a t i s f i e d  more economica l ly  from 
a s t a n d a r d i z e d  equipment i n v e n t o r y  t h a n  by i n d i v i d u a l  payload u s e r s .  
developed t o  i n t e g r a t e ,  check o u t ,  t r a n s p o r t ,  and o p e r a t e  a wide r a n g e  of  a p p l i c a t i o n s ,  s c i e n c e ,  and t echno logy  
pay loads .  

T h i s  r e u s a b l e  equipment is b e i n g  

Examples of t h i s  t y p e  of s t a n d a r d i z e d  equipment are:  

(1)  Payload T r a n s p o r t a t i o n  Equipment - I n t r a s i t e  payload equipment i s  b e i n g  developed f o r  u s e  a t  t h e  
l a u n c h  s i t e  t o  t r a n s p o r t  i n t e g r a t e d  c a r g o e s  t o  and from t h e  S h u t t l e  o r b i t e r .  Ground and f l i g h t  t r a n s p o r t a t i o n  
equipment w i l l  a l s o  b e  used f o r  c r o s s- c o u n t r y  t r a n s p o r t a t i o n  of pay loads  ( r e g u l a r  and o u t s i z e d )  t o  and from 
t h e  Kennedy Space Cen te r  and t h e  Western T e s t  Range. 

(2 )  Payload S p e c i a l i s t  S t a t i o n  Equipment - T h i s  equipment i s  r e q u i r e d  t o  conduct  payload o p e r a t i o n s  from 
A concep t  u t i l i z i n g  e x i s t i n g  t echno logy  h a s  been d e f i n e d  and w i l l  s a t i s f y  t h e  t h e  o r b i t e r ’ s  a f t  f l i g h t  deck.  

m a j o r i t y  of payload f u n c t i o n a l  command and d i s p l a y  r e q u i r e m e n t s ,  as w e l l  as mixed ca rgo  i n t e g r a t i o n  and 
o p e r a t i o n s  on  e a r l y  s p a c e  t r a n s p o r t a t i o n  sys tem m i s s i o n s .  T h i s  approach w i l l  minimize t h e  need f o r  payload- 
un ique  equipment and o p e r a t i o n a l  changeout  t i m e .  

( 3 )  Mixed Cargo Suppor t  Equipment - T h i s  equipment w i l l  p r o v i d e  maximum f l e x i b i l i t y  f o r  mixing c a r g o e s  
i n  t h e  o r b i t e r  bay,  as w e l l  as d e c r e a s i n g  i n s t a l l a t i o n  and checkout  t i m e .  The u s e  of i d e n t i c a l  equipment f o r  
d i f f e r e n t  payload c o n f i g u r a t i o n s  w i l l  a l l o w  s i m p l e  crew i n t e r f a c e  and t r a i n i n g .  Examples o f  t h i s  equipment 
i n c l u d e  s t a n d a r d  c a b l e  h a r n e s s e s  which w i l l  a l l o w  command and d a t a  f eedback  s i m u l t a n e o u s l y  f o r  up t o  f o u r  
p a y l o a d s  i n  t h e  o r b i t e r  c a r g o  bay; and t i m i n g  b u f f e r s  which w i l l  p r o v i d e  v a r i o u s  t i m e  s i g n a l s  t o  t h e  S h u t t l e  
a t t a c h e d  pay loads  w h i l e  they  are a c t i v e .  

( 4 )  F l e x i b l e  Multiplexer/Demultiplexer - The f l e x i b l e  m u l t i p l e x e r  w i l l  combine t h e  o r b i t e r  d a t a  s t r e a m  
and up t o  f i v e  s e p a r a t e  payload t e l e m e t r y  o r  command d a t a  streams i n t o  a s i n g l e  o u t p u t  s i g n a l .  The f u n c t i o n  
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of the f l e x i b l e  d e m u l t i p l e x e r  i s  t o  s e p a r a t e  t h e  combined d a t a  s i g n a l ,  e i t h e r  t e l e m e t r y  o r  command, back i n t o  
t h e  a p p r o p r i a t e  o r b i t e r  o r  payload d a t a  streams. 

(5)  Cargo I n t e g r a t i o n  and Test Equipment (CITE) - T h i s  equipment i s  r e q u i r e d  t o  i n t e g r a t e  and checkout  
payload e lements  as t h e y  are assembled i n t o  a complete  ca rgo  t o  be f lown on t h e  Space T r a n s p o r t a t i o n  System. 
CITE w i l l  v e r i f y  t h e  c o m p a t i b i l i t y  o f  t h e  ca rgo  t o  S h u t t l e  i n t e r f a c e s ,  and a s s u r e  t h a t  c a r g o  e l e m e n t s  do n o t  
i n t e r f e r e  w i t h  each  o t h e r .  

( 6 )  Trace G a s  Analyzer  - The trace g a s  a n a l y z e r  sys tem w i l l  perform i n - f l i g h t  moni to r ing  of t h e  a g g r e g a t e  
Its pr imary  " o f f g a s s i n g"  c o n s t i t u e n t s  from p a y l o a d s  and m e t a b o l i c  s o u r c e s  i n  t h e  Space lab  p r e s s u r i z e d  module. 

subsystems c o n s i s t  of a gas  chromatograph ic  column t o  d e t e c t  t h e  p r e s e n c e  of a n  a tmospher ic  s u b s t a n c e  and a 
mass s p e c t r o m e t e r  t o  measure  t h e  c o n c e n t r a t i o n  of each  o f  t h e  a t m o s p h e r i c  c o n s t i t u e n t s .  

( 7 )  Miss ion  K i t s  - The m i s s i o n  k i t s  c o n s i s t  o f  s t a n d a r d  and o p t i o n a l  f l i g h t  hardware des igned  t o  ex tend  
t h e  c a p a b i l i t i e s  of t h e  payload and /o r  t h e  o r b i t e r  t o  s u p p o r t  t h e  m i s s i o n  as  d i c t a t e d  by t h e  payload r e q u i r e-  
ments.  EKamples of t h e s e  i t e m s  are s e l f- c o n t a i n e d  payload c o n t a i n e r s  and n i t r o g e n  t a n k s .  

I n  Fy 1980, manufac tu re  of m u l t i m i s s i o n  and payload s u p p o r t  equipment such  as  t h e  i n t e r s i t e  t r a n s p o r t a t i o n  
equipment and t h e  trace g a s  a n a l y z e r  w i l l  b e  completed.  Other a c t i v i t i e s  i n c l u d e  a c t i v a t i o n  of the f i r s t  
se t  of c a r g o  i n t e g r a t i o n  and tes t  equipment (CITE); i n i t i a l  d e s i g n  and development of t h e  d u a l  CITE c a p a b i l i -  
t ies ;  c o n t i n u e d  d e s i g n  of t h e  mixed ca rgo  hardware ,  m i s s i o n  k i t  equipment and t h e  s e l f- c o n t a i n e d  payload 
c o n t a i n e r s ;  and con t inued  development of t h e  payload s p e c i a l i s t  s t a t i o n .  

BASIS OF FY 1981  ESTIMATE: 

FY 1981  f u n d s  are r e q u i r e d  € o r  development,  i n i t i a l  t e s t i n g  and o r b i t e r  i n s t a l l a t i o n  of m u l t i m i s s i o n  and 
payload s u p p o r t  equipment such as t h e  s e l f- c o n t a i n e d  payload c o n t a i n e r s ,  m i s s i o n  k i t s  and payload s p e c i a l i s t  
s t a t i o n .  T e s t i n g  of t h e  trace g a s  a n a l y z e r  and t h e  f i r s t  se t  of Cargo I n t e g r a t i o n  and T e s t  Equipment (CITE) 
w i l l  b e  completed.  FY 1981 f u n d s  w i l l  a l s o  p r o v i d e  f o r  t h e  c o n t i n u e d  d e s i g n  of t h e  mixed c a r g o  hardware  and 
C I T E  d u a l  c a p a b i l i t y .  

1980 1 9 8 1  
1 9 7  9 Budget C u r r e n t  Budget 

E s  t i m a  t e E s t i m a t e  E s t i m a t e  A c t u a l  
(Thousands of D o l l a r s )  

Miss ion  c o n t r o l  c e n t e r  (MCC) upgrad ing  (Leve l  11)  .............. 10 ,300  16,000 12,900 15 ,800  
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OBJECTIVES AND STATUS: 

Mis s ion  C o n t r o l  Cen te r  (MCC) Upgrading (Level  11)  i s  t h e  r e c o n f i g u r a t i o n  of t h e  Johnson Space Center  Miss ion  
C o n t r o l  Cen te r  t o  s u p p o r t  t h e  STS o p e r a t i o n a l  f l i g h t  s chedu le  r equ i r emen t s .  MCC Level  I ,  funded under t h e  
S h u t t l e  development program, p r o v i d e s  hardware and s o f t w a r e  t o  c o n f i g u r e  t h e  MCC t o  s u p p o r t  S h u t t l e  develop-  
ment f l i g h t s .  The MCC d u r i n g  t h e  o p e r a t i o n a l  era w i l l  r e q u i r e  a d d i t i o n a l  f l i g h t  c o n t r o l  rooms, s u p p o r t  rooms, 
hardware  and s o f t w a r e  t o  accommodate two s imu l t aneous  o r b i t e r  m i s s i o n s ,  a ground s i m u l a t i o n  network,  d u a l  
l a u n c h  s i t e  i n t e r f a c e s ,  and Space lab  and IUS sys tems mon i to r ing .  

Upgrading t h e  Miss ion  C o n t r o l  Center  (Level 11 )  a t  t h e  Johnson Space Cen te r  w i l l  c o n t i n u e  i n  FY 1980 w i t h  
t h e  comple t ion  of d e s i g n  s p e c i f i c a t i o n s  f o r  d u a l  v e h i c l e  command and c o n t r o l  s o f t w a r e  and i n i t i a t i o n  of 
d e t a i l e d  sys tems d e s i g n ,  development and implementa t ion .  Development comple t ion  and i n i t i a l  t e s t i n g  of t h e  
F l i g h t  P l ann ing  System 11, c o n s i s t i n g  of f l i g h t  d e s i g n  and crew a c t i v i t y  p l ann ing  e l e m e n t s ,  w i l l  b e  ach ieved ,  
i n  s u p p o r t  of e a r l y  f l i g h t  rate r equ i r emen t s .  

CHANGES FROM FY 1980 BUDGET ESTIMATES: 

The Mis s ion  C o n t r o l  Center  (MCC) Level I1 budget  i n  FY 1980 h a s  been reduced  by $3.1 m i l l i o n  by r e p h a s i n g  
t h e  development  of MCC c a p a b i l i t i e s  i n  c o n j u n c t i o n  w i t h  o p e x a t i o n a l  payload  r equ i r emen t s  c o n s i s t e n t  w i t h  t h e  
S h u t t l e  s c h e d u l e  ad jus tmen t .  Of t h i s  r e d u c t i o n ,  $2 .4  m i l l i o n  h a s  been r e a l l o c a t e d  t o  T h r u s t  Augmentation 
d e f i n i t i o n  s t u d i e s .  The remain ing  $.7 m i l l i o n  r e d u c t i o n  i s  a p o r t i o n  of t h e  g e n e r a l  a p p r o p r i a t i o n  r e d u c t i o n  
i n  Research  and Development. 

BASIS FOR FY 1981  ESTIMATE: 

Upgrading t h e  Miss ion  C o n t r o l  Center  (Level  11 )  w i l l  c o n t i n u e  d u r i n g  FY 1981. Funds w i l l  be  r e q u i r e d  f o r  
procurement  of communication i n t e r f a c e  equipment and t h e  r e c o n f i g u r a t i o n  s o f t w a r e  development ,  as w e l l  as 
d e s i g n ,  checkout ,  and t e s t i n g  of t h e  t r a j e c t o r y ,  t e l e m e t r y  and command s o f t w a r e  sys tems.  

1980 1981  
197 9 Budget Cur ren t  Budget 

A c t u a l  E s t i m a t e  E s  t i m a  t e E s t i m a t e  
(Thousands of D o l l a r s )  

Payload and o p e r a t i o n s  s u p p o r t  ................................ 10 ,000  10 ,900 10 ,900  11 ,200  
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OBJECTIVES AND STATUS: 

The Payload  and O p e r a t i o n s  Suppor t  a c t i v i t y  c o n s i s t s  of t h r e e  major  a r e a s  of e f f o r t :  Payload Opera t ions  
C o n t r o l  Cen te r  (POCC); O p e r a t i o n s  Management Suppor t ;  and O r b i t a l  F l i g h t  T e s t  (OFT) Payload I n t e g r a t i o n .  

The Payload  Opera t ions  C o n t r o l  C e n t e r ,  t o  be l o c a t e d  a t  t h e  Johnson Space C e n t e r ,  w i l l  p rov ide  f o r  command 
and c o n t r o l  of a t t a c h e d  pay loads  t h a t  o p e r a t e  i n  t h e  S h u t t l e  and Space l ab .  It w i l l  o p e r a t e  i n  c o n j u n c t i o n  w i t h  
t h e  JSC Miss ion  C o n t r o l  Cen te r .  Funding i s  r e q u i r e d  f o r  t h e  a c q u i s i t i o n  of computers ,  d i s p l a y s ,  communication 
l i n k s ,  and a s s o c i a t e d  s o f t w a r e .  

I n  FY 1980,  development of hardware and s o f t w a r e  systems f o r  t h e  Payload Opera t ions  C o n t r o l  Cen te r  a t  t h e  
Johnson Space Cen te r  w i l l  c o n t i n u e  t o  a l l o w  payload  command and c o n t r o l  and some r e a l  t i m e  d a t a  r e v i e w  and 
a n a l y s i s ;  and a n a l y t i c a l  i n t e g r a t i o n  a c t i v i t i e s  w i l l  b e  completed f o r  t h e  O r b i t a l  F l i g h t  Test Payloads .  

O p e r a t i o n s  Management Suppor t  w i l l  f o c u s  on d e f i n i n g  t h e  most e f f i c i e n t  mode of o p e r a t i n g  t h e  Space Trans-  
p o r t a t i o n  System (STS). 
t h e  o p e r a t i o n a l  era, t h e  a n a l y s i s  of e l emen t s  of STS c o s t  p e r  f l i g h t ,  t h e  r e t r i e v a l  of  payload  d a t a  from 
nons t anda rd  STS o r b i t s ,  and r ange  s a f e t y  r equ i r emen t s .  Some of t h e  tasks f o r  FY 1980 i n c l u d e  a review of 
a n a l y t i c a l  t e c h n i q u e s  f o r  plume impingement and con tamina t ion ,  computer ized  s a f e t y  a s se s smen t s  and t o x i c  
material  c o n t r o l  and d i s p o s a l  t e c h n i q u e s .  

FY 1980 s t u d i e s  w i l l  c o n t i n u e  t h e  examinat ion  of o p t i o n s  i n  STS management d u r i n g  

The O r b i t a l  F l i g h t  T e s t  (OFT) Payload  I n t e g r a t i o n  p r o v i d e s  f o r  t h e  i n t e g r a t i o n  of pay loads  on t h e  OFT 
f l i g h t s .  The a c t i v i t i e s  i n c l u d e  management i n t e g r a t i o n  such  as p l a n n i n g ,  s c h e d u l i n g ,  and c o o r d i n a t i n g  a l l  
e l emen t s ;  i n t e r f a c e  d e f i n i t i o n  i n  env i ronmen ta l ,  s t r u c t u r a l  and the rma l  areas; s a f e t y  a n a l y s i s ;  hardware  
i n t e g r a t i o n ;  f l i g h t  s u p p o r t ;  and development  of t h e  i n t e r f a c e  c o n t r o l  document. The FY 1980 funds  w i l l  
c o n t i n u e  t o  s u p p o r t  concep tua l  f l i g h t  p l a n n i n g ,  l aunch  s i te  p l a n n i n g ,  and  the rma l  and l o a d s  a n a l y s i s  f o r  
pay loads  t o  be  f lown on t h e  S h u t t l e  o r b i t a l  f l i g h t  t e s t  mi s s ions .  

BASIS OF FY 1981 ESTIMATE: 

FY 1981  funds  w i l l  be used t o  comple te  checkout  and t e s t i n g  of t h e  Payload  O p e r a t i o n s  C o n t r o l  Cen te r  i n  
s u p p o r t  of t h e  o p e r a t i o n a l  f l i g h t  s c h e d u l e  r equ i r emen t s  and f o r  o p e r a t i o n  of t h o s e  p a r t s  of t h e  POCC which 
w i l l  s u p p o r t  t h e  o r b i t a l  f l i g h t  test  m i s s i o n  pay loads .  Funding f o r  O p e r a t i o n s  Management Suppor t  w i l l  b e  
used t o  c o n t i n u e  t h e  f o c u s  on e f f i c i e n t  modes of o p e r a t i n g  t h e  Space T r a n s p o r t a t i o n  System (STS) .  

O r b i t a l  F l i g h t  T e s t  Payload I n t e g r a t i o n  fund ing  i n  FY 1981 i s  r e q u i r e d  f o r  t h e  i n t e g r a t i o n  and h a n d l i n g  of 
pay loads  f o r  t h e  OFT m i s s i o n s  i n  t h e  l a t e  1980 through t h e  1981 t i m e  p e r i o d .  
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1980 1981  
1979 Budget C u r r e n t  Budget 

A c t u a l  Estimate E s t i m a t e  E s  t i m a  te 
(Thousands of D o l l a r s )  

T h r u s t  Augmentation ............................................. 4,000 15,000 2 , 400 10,000 

OBJECTIVE AND STATUS: 

A s  t h e  Space S h u t t l e  development h a s  p r o g r e s s e d ,  i t  h a s  become clear t h a t  t h e  r e q u i r e d  payload c a p a b i l i t y  
w i l l  n o t  b e  s u f f i c i e n t  f o r  c e r t a i n  i m p o r t a n t  m i s s i o n s ,  p r i m a r i l y  o u t  of t h e  Vandenberg A i r  Force  Base. T h i s  
d e f i c i e n c y  r e s u l t s  p r i m a r i l y  from i n c r e a s e s  i n  O r b i t e r  weight  as  a r e s u l t  o f  des ign lequ ipment  changes .  
Approved payload programs schedu led  f o r  e a r l y  STS o p e r a t i o n a l  f l i g h t s  from Vandenberg A i r  Force  Base can be  
accommodated by t h e  Space S h u t t l e  o r b i t e r  w i t h  c u r r e n t l y  p r o j e c t e d  performance c a p a b i l i t y  by l i m i t i n g  c e r t a i n  
s i n g l e  p a y l o a d s  t o  t h a t  c a p a b i l i t y ,  by r e s t r i c t i n g  t h e  t o t a l  c a r g o  we igh t  f o r  m u l t i p l e  payload m i s s i o n s ,  and 
by l i m i t i n g  t h e  exper iment  w e i g h t s  a n d / o r  d u r a t i o n s  of Space lab  m i s s i o n s .  However, t h e s e  l i m i t a t i o n s  r e d u c e  
c o s t  e f f e c t i v e n e s s  and p r e v e n t  f u l l  u t i l i z a t i o n  o f  t h e  Space S h u t t l e  O r b i t e r ' s  d e s i g n  p o t e n t i a l  and i t s  new 
and un ique  c a p a b i l i t i e s .  A d d i t i o n a l  t h r u s t  is n e c e s s a r y  t o  e n s u r e  t h a t  t h e  f u l l  Space S h u t t l e  sys tem payload 
deployment c a p a b i l i t y  o f  32,000 pounds and 25,000 pounds r e t r i e v a l  c a p a b i l i t y  can b e  a c h i e v e d  f o r  t h e  98' 
i n c l i n a t i o n ,  150 NM c i r c u l a r  S h u t t l e  m i s s i o n  launched from Vandenberg A i r  Force  Base. The c u r r e n t  p r o j e c t e d  
c a p a b i l i t y  i s  n o t  s u f f i c i e n t  t o  perform t h i s  m i s s i o n .  The t h r u s t  augmented STS meets a l l  d e s i g n  and perform- 
a n c e  r e f e r e n c e  m i s s i o n  r e q u i r e m e n t s  and o f f e r s  t h e  p o t e n t i a l  t o  accommodate payload growth,  new p a y l o a d s ,  and 
c o n c e p t s .  Consequen t ly ,  i t  i s  i m p o r t a n t  t o  t h e  f u t u r e  n a t i o n a l  space  c a p a b i l i t y  t h a t  t h r u s t  augmentat ion b e  
developed and made a v a i l a b l e  t o  s u p p o r t  payload r e q u i r e m e n t s  which e x p l o i t  t h e  f u l l  c a p a b i l i t y  of t h e  STS. 

NASA performed p r e l i m i n a r y  e v a l u a t i o n s  of a l t e r n a t i v e  performance augmenta t ion  c o n c e p t s  of which t h e  most 
p r o m i s i n g ,  from b o t h  t h e  performance and c o s t  a s p e c t s ,  w e r e  s o l i d  r o c k e t  motor s t r a p- o n s  t o  t h e  SRB and /o r  
t h e  ET, and a l i q u i d  r o c k e t  e n g i n e  package p l a c e d  under  t h e  e x t e r n a l  t a n k  (ET). The l i q u i d  r o c k e t  e n g i n e ,  
t h e  l i q u i d  b o o s t  module concep t  f o r  Space S h u t t l e  T h r u s t  Augmentation w a s  adop ted  as t h e  b a s e l i n e  concep t .  
T h i s  concep t  employs e x i s t i n g  T i t a n  e n g i n e s  and t ankage ,  modi f i ed  as r e q u i r e d ,  t o  be  mounted under t h e  
E x t e r n a l  Tank. T h r u s t  Augmentation w i l l  i n c r e a s e  Space S h u t t l e  performance from Vandenberg A i r  Force  Base 
by 12,000 pounds t o  36,000 pounds. T o t a l  development and i n t e g r a t i o n  c o s t s  were a s s e s s e d  by NASA as be ing  
comparable  f o r  t h e  l i q u i d  and s o l i d  c o n c e p t s ;  however, t h e  l i q u i d  r o c k e t  e n g i n e  package o f f e r s  a g r e a t e r  
i n c r e a s e  i n  c a p a b i l i t y  f o r  t h e  b a s e l i n e  case. 

FY 1980 work i n c l u d e s  sys tems e n g i n e e r i n g  tests and wind t u n n e l  and model tes ts ,  s t r u c t u r a l  and aerodynamic 
l o a d s  a n a l y s e s ,  and Phase  B s t u d i e s  t o  i d e n t i f y  t h e  d e s i g n  s p e c i f i c a t i o n s  and performance r e q u i r e m e n t s  f o r  t h e  
l i q u i d  b o o s t  module. The FY 1980 e f f o r t  w i l l  a l s o  c o n s i s t  o f  sys tems  e n g i n e e r i n g  a c t i v i t i e s  t o  unders tand  t h e  
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a e r o t h e r m a l ,  s t r u c t u r a l ,  dynamic, and v i b r o a c o u s t i c  impact of t h e  l i q u i d  b o o s t  module on t h e  e x t e r n a l  t a n k  
and s o l i d  r o c k e t  b o o s t e r s .  F a c i l i t y  r e q u i r e m e n t s  w i l l  a l s o  b e  s t u d i e d .  

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The NASA budget  r e q u e s t  of $15 m i l l i o n  f o r  FY 1980 w a s  a u t h o r i z e d .  However, no f u n d s  were inc luded  i n  t h e  
NASA a p p r o p r i a t i o n  f o r  t h r u s t  augmenta t ion  a c t i v i t i e s .  During t h e  d i s c u s s i o n  i n  bo th  t h e  House and S e n a t e  
upon t h e  p r e s e n t a t i o n  and a d o p t i o n  of t h e  a p p r o p r i a t i o n s  c o n f e r e n c e  r e p o r t ,  i t  was agreed  t h a t  NASA cou ld  u s e  
o t h e r  f u n d s  f o r  c o n t i n u a t i o n  of d e s i g n  work f o r  t h r u s t  augmentat ion.  C o n s i s t e n t  w i t h  t h i s  s t i p u l a t i o n  and t h e  
c u r r e n t l y  p r o j e c t e d  o p e r a t i o n a l .  need d a t e  a t  Vandenberg A i r  Force  Base,  f u n d s  i n  t h e  amount of $2.4  m i l l i o n  
have been  r e a l l o c a t e d  from w i t h i n  the Space F l i g h t  O p e r a t i o n s  l i n e  i t e m  t o  c o n t i n u e  ongoing s t u d i e s  of t h e  
b a s e l i n e d  l i q u i d  b o o s t  module t h r u s t  augmentat ion concep t .  

BASIS OF FY 1981  ESTIMATE: 

I n  o r d e r  t o  a c h i e v e  t h e  n e c e s s a r y  o p e r a t i o n a l  c a p a b i l i t y  i n  c a l e n d a r  y e a r  1985, e f f o r t  must c o n t i n u e  i n  
FY 1981  p r i m a r i l y  t o  conclude t h e  d e f i n i t i o n  of t h e  l i q u i d  b o o s t  module d e s i g n  s p e c i f i c a t i o n  and t o  s t u d y  t h e  
impact  of t h r u s t  augmentat ion on each  e lement  ( o r b i t e r ,  e x t e r n a l  t a n k ,  and s o l i d  r o c k e t  b o o s t e r ) ,  as  w e l l  as  
t h e  impact  on t h e  o v e r a l l  sys tem and l aunch  f a c i l i t y .  
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BASIS OF FY 1981 FUNDING REQUIREMENTS: 

DEVELOPMENT, TEST AND MISSION SUPPORT 

1980 1981 
1979 Budget Current  Budget Page 

Actual E s t i m a t e  E s t i m a t e  Es t imate  - No. 
(Thousands of Dol 1 a r  s ) 

Research and t e s t  support............................ 42,016 41 , 900 31,100 32,400 RD 2-14 
Data systems and f l i g h t  support....................... 55,617 -47,000 35,900 40,200 RD 2-15 
Opera t ions  support..................................... 34,476 3 9,500 43,600 45,900 RD 2-16 
Launch systems support.. .............................. 45,091 44,200 62,000 65,000 RD 2-17 

172,600 183,500 Total.............o.~o.oo~.......................... 177,200 172,600 
- - 

OBJECTIVES AND STATUS: 

Development, T e s t ,  and Mission Support (DTMS) p rov ides  t h e  common engineer ing ,  s c i e n t i f i c  and t e c h n i c a l  
suppor t  r e q u i r e d  t o  conduct ongoing and proposed space t r a n s p o r t a t i o n  systems (STS) r e s e a r c h  and development 
a t  t h e  Johnson Space Center (JSC), t h e  Kennedy Space Center (KSC), t h e  Marshal l  Space F l i g h t  Center (MSFC), 
and t h e  National  Space Technology Labora to r i e s  (NSTL). DTMS f x n c t i o n s  i n c l u d e  r e s e a r c h  and t e s t  suppor t ,  
d a t a  systems and f l i g h t  suppor t ,  o p e r a t i o n s  suppor t ,  and launch systems support .  T h e s e  c m o n  e f f o r t s  a r e  
neces sa ry  t o  suppor t  e a r l y  p r o j e c t  d e f i n i t i o n ;  t o  p rov ide  eng inee r ing  suppor t  f o r  i ndep th  t e c h n i c a l  exami- 
n a t i o n  of  development e f f o r t s  of prime and major subcon t r ac to r s  on space  t r a n s p o r t a t i o n  systems p r o j e c t s ;  t o  
p rov ide  common suppor t  equipment and supp l i e s ;  and t o  perform backup des ign ,  t e s t i n g  and a n a l y s i s  i n  h igh  
technology a r e a s  of des ign  and development. 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The t o t a l  funding  f o r  DTMS has  no t  been changed i n  FY 1980. However, t h e r e  has been a r e a l l o c a t i o n  w i t h i n  
t h e  t o t a l  t o  r e f l e c t  c u r r e n t  requi rements  i n  suppor t  of  t h e  r e v i s e d  Space S h u t t l e  schedules.  
Support and Launch Systems Support requi rements  have increased .  I n  a d d i t i o n ,  c e r t a i n  Research and T e s t  
Support and Data Systems and F l i g h t  Support a c t i v i t i e s  have been i n t e g r a t e d  i n t o  t h e  d i r e c t  program budget 
because of t h e  i n t e n s i f i e d  requi rements  f o r  S h u t t l e  development and t e s t .  

BASIS OF FY 1981 ESTIMATE: 

Operat ions 

FY 1981 funding p rov ides  f o r  t h e  common engineer ing ,  s c i e n t i f i c  and t e c h n i c a l  suppor t  r e q u i r e d  f o r  
a c t i v i t i e s  performed i n  t h e  Space S h u t t l e  program, t h e  STS Opera t ions  C a p a b i l i t y  Development (OCD), and 
Advanced Programs. 
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1979 
Actual 

Research and Test Support. ....................... 42,016 

OBJECTIVES AND STATUS: 

Research and test support encompasses a broad spectrum of 

1980 1981 
Budget Current Budget 

Estimate Estimate Estimate 
(Thousands of Dollars) 

41,900 31,100 32,400 

technical, engineering, scientific, reliability 
and quality assurance, and safety operations. These activities complement the work of the major development 
contractors located across the country in contractor plants and U. S. Government facilities. 
FY 1980 activities include: (1) support of  the Space Shuttle Main Engine (SSME) static test firing activit- 
ies and integrated component testing as well as the qualification of the main propulsion system; (2) support 
of refurbishment efforts for the solid rocket booster (SRB); (3) engineering support for the Space Shuttle 
Orbital Flight Test (OFT) activity; and ( 4 )  flight evaluation of the external tank (ET), SRB, SSME and 
related systems. 

Examples of 

CHANGES FROM THE FY 1980 BUDGET ESTIMATE: 

The current estimate for FY 1980 is $10.8 million less than the budget estimate reflecting the reallocation 
of resources within DTMS and provision for intensified Space Shuttle Avionics Integration Laboratory (SAIL) 
activities supporting testing and integration of the Space Shuttle avionics system within the Space Shuttle 
Program estimates. 

BASIS OF FY 1981 ESTIMATE: 

During FY 1981, research and test support efforts will be focused primarily on critical Space Shuttle 
activities, including the Space Shuttle OFT activity. 
ies and research and development efforts in STS OCD, and Advanced Programs. 
provided to assure achievement of technical goals as they relate to each program. 

Also supported will be design and development activit- 
Engineering and test support is 

Examples of FY 1981 Space Shuttle support activities include: (1) support of laboratories to do certifica- 
tion and verification testing of flight hardware; (2)  continuing support of the communications and tracking 
systems space to ground compatibility and performance testing; and ( 3 )  analysis and certification of govern- 
ment furnished equipment, environmental control life support systems, structural and propulsion subsystems, 
and crew station training through utilization of mockups, neutral buoyancy crew station trainers, and the 
remote manipulator facility. FY 1981 research and test support funds are also required to support Space 
Shuttle certification inspections, test, configuration control panels, and integration efforts. 
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1980 1981 
1979 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Data Systems and Flight Support .................. 55,617 47,000 35,900 40,200 

OBJECTIVES AND STATUS: 

Data systems and flight support efforts are associated with the ground-based flight data systems, flight 
simulation systems, special purpose and general purpose data systems, and flight support. 

The ground-based flight data systems effort supports the definition, design, implementation, and checkout 
of hardware and software modifications to the JSC's MCC, including the real-t,ime computer complex in support 
of the Space Shuttle OFTs, as well as operation and maintenance of those facilities in preparation for opera- 
tional mission support. Also included is the operation of the JSC central data computation facility and 
special purpose data system required to support center-wide activities in mission analysis, systems engineer- 
ing development, and test functions for the Space Shuttle Program. 

Flight support provides for development of Space Shuttle flight control and recovery plans and procedures, 
flight plans, flight data compilation, crew procedures and training, and other elements of the data base 
required for crew activities, operation and maintenance of the T-38 training aircraft, flight data manage- 
ment, and support of Space Shuttle payload accommodation and integration. 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The current estimate for FY 1980 is $11.1 million less than the budget estimate reflecting provision for 
flight simulation support activities required for the orbital test flight missions within the estimates for 
Space Shuttle Design, Development, Test and Evaluation. The flight simulation support activities include 
operation and maintenance of the mission and part-task simulators used for flight crew training and flight 
procedures development and validation. 

BASIS OF FY 1981 ESTIMATE: 

FY 1981 funding of ground-based flight data systems supports the upgrading of the MCC, the central com- 
puting facility, flight support and flight data management functions for the OFT effort. 
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Aircraft operations’ activities which will be supported in FY 1981 include partial maintenance, modification, 
and engineering support services relating to the T-38 training aircraft. FY 1981 funding requirements also 
provide for the flight control, crew training, and engineering support of flight operations planning control 
for the OFT missions. 

1980 1381 
1979 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Operations Support ................................ 34,476 39,500 43,600 45,900 

OBJECTIVES AND STATUS: 

Operations support provides for contractor effort and related supplies and equipment to operate and 
maintain on-site activities at JSC, MSFC, KSC, and at NSTL, and also for off-site operations at the White 
Sands Test Facility. 

CHANGES FROM FY 1980 ESTIMATE: 

Operations support funding estimates for FY 1980 have increased by $4.1 million to provide for additional 
flight documentation requirements and operations support in preparation for the first manned orbital flight 
(STS-1). 

BASIS OF FY 1981 ESTIMATE: 

FY 1981 funding will provide for the maintenance of technical facilities and equipment, chemical cleaning, 
engineering design, technical documentation and analyses, telecommunications, component fabrication, photo- 
graphic support, and logistics support. 
(1) operation and maintenance of specialized electrical and cryogenic systems, and maintenance of test 
area cranes; (2) operation of shops to do metal furbishing, anodizing, plating stripping, and etching of 
selected items of in-house fabricated flight hardware; (3) cleaning of hoses, gauges, tubing, and related 
flight items that are fabricated in-house; ( 4 )  engineering, installation, operation, and maintenace of 
closed circuit fixed and mobile television required for support and/or surveillance of tests; (5) photo- 

Examples of specific services to be provided in FY 1981 include: 
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graphic services, including still and motion picture processing, and audio visual mission support; (6 )  fabri- 
cation of models, breadboards, and selected items of flight hardware; (7) technical documentation services, 
telecommunications, and graphics; (8) technical services in support of Center operations including receipt, 
storage and issue of research and development supplies and equipment, and transportation services; and (9) 
management services in support of Center operations, including data management, microfilming, and preparation 
of technical documentation. 

In addition, FY 1981 funds will provide the basic level of support to the NSTL for the static test firing 
and integrated component testing of the SSME and the qualification of the main propulsion system. 

1980 1981 
1979 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Launch Systems Support .......................... 45,091 44,200 62 , 000 65 , 000 

OBJECTIVES AND STATUS: 

Launch systems support provides for the development and test of the checkout and launch facilities and 
associated GSE, as well as the technical services required to support the test, checkout and launch of the 
Space Shuttle and payloads for the development test flights. 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

N 1980 launch systems support funding was increased by $17.8 million to meet additional manpower and 
overtime requirements for KSC facility operations support in preparation for the Space Shuttle orbital 
flight testing. 

BASIS OF FY 1981 ESTIMATE: 

The FY 1981 launch systems support requirements at KSC are for the continuing preparation of the launch 
facilities to accommodate the Space Shuttle OFT missions. FY 1981 activities will support the integration 
and checkout of the space vehicle, its payloads, and ground support systems to accommodate the Space Shuttle 
flight hardware and payload systems. 

Funding in FY 1981 will provide for mechanical ground system activities involving operation and maintenance 
of launch systems and facilities for the Space Shuttle; support for development testing of KSC designed Space 
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Shuttle equipment in the launch equipment test facility; maintenance and operation of the KSC electrical and 
mechanical utilities systems; and operation of technical shops and the precision cleaning laboratory which 
supports maintenance activities. 

FY 1981 funding will also support the electrical/electronic and launch instrumentation systems, such as 
automated checkout equipment, operational voice and TV communications, measurements, and telemetry. These 
activities include operations and maintenance support of communication, computational and instrumentation 
systems f o r  the Space Shuttle, and instrumentation and measurement support for development testing of the KSC 
designed Space Shuttle equipment in the launch equipment test facility. 
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BASIS OF FY 1981 FUNDING REQUIREMENTS: 

ADVANCED PROGRAMS 

Advanced Programs ............................... 

1980 1981 
1979 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

7,000 13,000 13,000 10 , 800 

OBJECTIVES AND STATUS: 

The Advanced Programs objective is to provide technical as well as programmatic data for the definition 
and evaluation of potential future space programs and systems. The definition includes identifying future 
systems requirements, costs, and capabilities in order to provide the basis for selection of new flight 
systems. These efforts have continually provided the basis for new programs and systems, such as Apollo, 
Skylab, and the Space Shuttle. In support of these activities, subsystem studies and supporting development 
activities are conducted to demonstrate significant performance and reliability improvements and to reduce 
future program risks and development costs through the effective use of new technology. 

In FY 1980, activities will be concentrated on definition of future orbital power systems and space platforms 
for use in both low earth orbit and geosynchronous orbit; advanced orbital capabilities including definition 
of concepts and experiments to fabricate and erect structures in space; the provision of satellite services 
(i.e., placement, retrieval, and on-orbit maintenance and repair); the definition of advanced transportation 
systems concepts such as manned orbital transfer vehicles including crew and propulsion modules for geo- 
synchronous operations; the concepts definition and analysis of satellite placement and retrieval systems 
remote from the orbiter; and the definition of the Solar Electric Propulsion System (SEPS). 

BASIS OF FY 1981 ESTIMATE: 

In FY 1981 major emphasis will be placed on continuing studies, engineering investigations, and definition 
of near-term mission options that are possible because of the operational capability and flexibility of the 
space transportation system. In the future power systems and platform area, the emphasis will include 
definition of low earth orbit platforms for operations with a power system, design studies of geosynchronous 
platforms, and life and crew support engineering activities required for extended duration orbital missions. 
The 25 KW power system design definition and key subsystems studies to support the design definition of this 
system will be completed. In the advanced orbital capabilities area, investigations of potential tools and 
equipment used in extravehicular activity and teleoperator operations will be carried out. 
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The definition of space structures experiments will be continued, and the deployable antenna flight experi- 
ment definition study will be completed. In addition, structures engineering activities including testing 
of beam builders and preparation of simulations will be continued. Studies of extravehicular activity 
operations essential for satellite and platform maintenance as well as studies of assembly and repair of 
future structures in space will be continued. Concept and engineering development efforts on teleoperator 
systems to permit remote satellite servicing and studies on extravehicular activity support equipment as 
well as automated rendezvous and proximity operations techniques will be continued. Other planned activities 
for FY 1981 include continuation of studies of future upper stages to enhance the space transportation system 
capabilities and permit improved geosynchronous operations. 

Appropriate subsystems studies and supporting development will be undertaken in support of the above 
activities in order to provide technical depth to the varied definition activities. 
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BASIS OF FY 1981 FUNDING REQUIREMENTS: 

SPACELAB 

1980 1981 
1979 Budget Current Budget 

Actual Es t ima te Es t ima te Estimate 
(Thousands of Dollars) 

Spacelab ........................................ 26,700 58,800 

OBJECTIVES AND STATUS: 

58,800 151,700 

The Spacelab is a major element of the Space Transportation System. The program is being carried out jointly 
by NASA and the European Space Agency (ESA) to provide a versatile, reusable space laboratory which will be 
flown to and from Earth orbit in the cargo bay of the Shuttle. The Spacelab will consist of a pressurized 
module and unpressurized pallet segments which can be used in various combinations to support mission require- 
ments. It will permit researchers to personally conduct a wide range of experiments in a ground-type labora- 
tory while operating in the unique environment of space. 

Ten European nations, of which nine are members of the European Space Agency, are participating in the 
program. NASA and ESA are committed to bear the cost of their respective program responsibilities. ESA 
responsibilitizs include the design, development, production and delivery of the first Spacelab and associated 
ground support equipment to NASA, and establishment of the capability to produce additional Spacelabs. NASA 
funding responsibilities include development of flight and ground support equipment not provided by ESA, 
development of Spacelab operational capability and procurement of additional hardware needed to support 
NASA's missions. 

In FY 1980, fabrication of the crew transfer tunnel will be continued. This tunnel will link the Spacelab 
module to the Shuttle Orbiter cabin. Manufacture, test and validation of verification flight instrumentation 
equipment which includes sensors, electronic measuring and monitoring devices, and related flight and ground 
support equipment required to verify the performance of Spacelab subsystems and to monitor the environment 
to which payloads will be subjected, will also be continued. 

Development of United States ground support equipment will continue in 1980. Integration of the Spacelab 
simulator with the Shuttle mission simulator used for crew training will also be continued in FY 1980. The 
outfitting of ESA pallet structures with systems being developed for use during orbital flight tests will 
be completed in FY 1980. The Software Development Facility will also be completed and used to generate 
computer programs such as the experiment computer operating system. 
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1-1 FY 1980, the Spacelab integration contractor will perform systems engineering, logistics planning, 
systems software preparation, and analytical experiment integration to prepare for the orbital flight tests 
in 1981 and the two Spacelab verification flights scheduled for 1982. The interface between the Shuttle 
orbiter and the Spacelab will continue to be defined and fabrication of hardware required for mating the 
orbiter with the Spacelab will proceed. 

NASA plans to enter into a contract with the European Space Agency to start procurement of follow-on 
Spacelab hardware. The production of this hardware is scheduled to span six years. 

BASIS OF FY 1981 ESTIMATE: 

FY 1981 funding is required to continue incremental procurement of the Spacelab flight hardware from ESA. 
This procurement includes a second set of Spacelab flight elements and initial spares to support the early 
flights. 

FY 1981  funding will also be applied to the manufacture and test of the crew transfer tunnel and the 
ground support equipment to be used for integration and checkout of the Spacelab engineering model and flight 
hardware at the Kennedy Space Center. Also, fabrication of the support equipment to be used for transporting 
flight hardware between the integration and launch sites will be continued. 
procured by NASA such as a flight recorder and closed circuit television switching network will be 
delivered in FY 1981. Spare parts for hardware manufactured in the United States will also continue t o  be 
procured. 

Other items of flight hardware 

At the Johnson Space Center the Spacelab simulator and the less sophisticated single systems trainer will 
be placed into operation. The hardware to be used for mating the Spacelab with the Space Shuttle orbiter 
is planned to be delivered in FY 1981. The Software Development Facility, completed in FY 1980, at the 
Marshall Space Flight Center, will be used to checkout and integrate both ground and flight compter programs. 

The McDonnell Douglas Technical Services Company, the Spacelab integration contractor, will continue to 
develop the procedures for integration, maintenance and on-ground repairs for the early Spacelab missions. 
These procedures will be tested with the Spacelab Engineering Model and flight unit which are scheduled 
to be delivered beginning in FY 1981. 
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BASIS OF FY 1981 FUNDING REQUIREMENTS: 

SPACE TRANSPORTATION SYSTEM OPERATIONS 

1980 - 1981 
1979 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Shuttle operations ............................. 1 5  , 100 114 , 600 119,300 320,500 

........................ 18,700 32,900 
Payload Support operations 6 , 300 1 5  , 400 10,100 

Spacelab operations -- 800 -- 1,600 
Upper Stages operations 

19,500 

............................ 
2 , 900 22,300 

..................... 
................................. TOTAL....... 24,300 153,100 148,100 374,500 

OBJECTIVES AND STATUS: 

Space Transportation System Operations will provide the transportation services and operational activities 
to bring about a more effective access to, and utilization of, space for the expansion of human knowledge 
and for practical benefits on Earth, while reducing the cost of space operations. The Space Transportation 
System will provide for the delivery of free-flying payloads to low Earth orbit; facilitate the conduct of 
experiments using the Shuttle orbiter as a carrier vehicle for experiments mounted in Spacelab pressurized 
modules and on Spacelab pallets in the orbiter payload bay; deliver payloads to synchronous and other high 
energy orbits using the combined capabilities of the Shuttle and upper stages; retrieve free-flying payloads 
from low earth orbit; and provide on-orbit servicing of satellites. 

The Space Transportation System Operations activities integrate the Space Shuttle system, the Spacelab 
and the upper stages into a versatile and economical space transportation system. Shuttle mission planning, 
procurement planning for recurring hardware and consumables, and support planning for operations involving 
launch, flight recovery crews and related activities are well underway. In addition, procurement of long 
lead items for major expendable hardware components has been initiated. 

Spacelab Operations provide for development and implementation of Spacelab ground-turnaround and flight 
operations, including mission planning, Spacelab to Shuttle integration and ground support operations. 
Upper stage operations provide for the procurement of upper stage hardware and related support necessary 
for orbital placement of spacecraft following low orbit deployment from the Shuttle orbiter. The upper 
stages include Inertial Upper Stages (IUS) for 5,000-pound class geosynchronous (IUS/two-stage) spacecraft 
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and p l a n e t a r y  (IUS/twin s p i n )  s p a c e c r a f t ,  Spinning Sol id  Upper S tages  (SSUS) f o r  4,400-pound A t l a s  Centaur 
c l a s s  (SSUS-A) and up t o  2,750-pound De l t a  c l a s s  (SSUS-D) geosynchronous spacec ra f t .  

c a p a b i l i t y  development r e q u i r e d  t o  m e e t  a u s e r s  t r a n s p o r t a t i o n  requi rements  o u t s i d e  t h e  scope of c u r r e n t l y  
de f ined  s t anda rd  Space Transpor t a t i on  System se rv i ces .  

CHANGES FROM 1980 BUDGET ESTIMATE: 

Payload Support Operat ions provide  f o r  o p t i o n a l  payload r e l a t e d  hardware, services and launch s i t e  

FY 1980 funding r e f l e c t s  t h e  unspec i f i ed  $5.0 m i l l i o n  Congressional  r educ t ion  i n  Space F l i g h t  Operat ions.  
The schedule  de l ay  i n  t h e  f i r s t  o p e r a t i o n a l  f l i g h t  and subsequent e a r l y  f l i g h t s  provided t h e  f l e x i b i l i t y  t o  
r ephase  and d e f e r  Spacelab mis s ion  planning,  upper s t a g e  hardware procurement, and payload support .  

BASIS OF FY 1981 ESTIMATE: 

S h u t t l e  Operat ions - FY 1981 funding i s  r e q u i r e d  f o r  Space S h u t t l e  f l i g h t  hardware components which 
i n c l u d e  t h e  e x t e r n a l  tank  and s o l i d  rocke t  boos ters .  External  t ank  components w i l l  be d e l i v e r e d  t o  t h e  
Michoud Assembly F a c i l i t y  i n  Louis iana  f o r  f a b r i c a t i o n  and assembly of  t h e  l i q u i d  oxygen and l i q u i d  hydro- 
gen p r o p e l l a n t  tanks. A f t e r  f i n a l  t e s t i n g ,  t h e  e x t e r n a l  t ank  w i l l  be shipped by ba rge  t o  t h e  Kennedy Space 
Center  (KSC) i n  F lo r ida .  Segments f o r  t h e  s o l i d  r o c k e t  motors  (SRM) w i l l  b e  prepared  a t  t h e  c o n t r a c t o r ' s  
p l a n t  and shipped t o  KSC f o r  SRM case  assembly. Other s o l i d  rocke t  boos t e r  components such a s  e l e c t r o n i c  
and in s t rumen ta t ion  p a r t s ,  t h r u s t  v e c t o r  c o n t r o l  components, recovery  systems, a t t a c h  s t r u c t u r e s ,  forward 
and a f t  s k i r t s ,  and s e p a r a t i o n  motors, w i l l  be shipped t o  t h e  Kennedy Space Center where f i n a l  assembly 
and checkout w i l l  be performed p r i o r  t o  f l i g h t .  FY 1981 funding i s  r e q u i r e d  f o r  pre- launch p r e p a r a t i o n s  
a t  KSC and f o r  t h e  development of  S h u t t l e  f l i g h t  p l a n s  u s ing  s t anda rd i zed  a v i o n i c s  sof tware ,  mi s s ion  
p lanning ,  t r a j e c t o r y  ana lyses ,  and c r e w  procedures.  

t h e  e a r l y  o p e r a t i o n a l  miss ions .  Mission o p e r a t i o n s  e f f o r t s  i n c l u d e  computer sof tware  programming and 
eng inee r ing  maintenance f o r  t h e  Mission Control  Center and t h e  Payload Operat ions Control  Center. C r e w  
o p e r a t i o n s  i n c l u d e  es tab l i shment  of t h e  f l i g h t  d a t a  f i l e ,  c r e w  Procedures ,  and system handbook as w e l l  a s  
t r a i n i n g  of t h e  command c o n t r o l l e r  personnel  f o r  t h e  Payload Opera t ions  Control  Center. 

Upper Stage Operat ions - Funding i n  FY 1981 i s  r equ i r ed  t o  suppor t  t h e  procurement of major  components 
and i n i t i a l  subsystem assembly of t h e  f i r s t  IUS t w i n l s p i n  veh ic l e .  Continued funding f o r  p roduc t ion  of 
IUS and SSUS upper s t a g e s  i s  a l s o  needed i n  FY 1981 t o  suppor t  NASAmissions i nc lud ing  Tracking and Data 
Relay S a t e l l i t e s ,  I n t e r n a t i o n a l  So la r  Po la r  Mission, Galilee and Active Magnetospheric P a r t i c l e  Tracer  
Exp 1 o r e r  . 
a n a l y s i s  and implementat ion f o r  c u r r e n t l y  scheduled launches. NASA payloads  r e q u i r i n g  s i g n i f i c a n t  suppor t  
i n  1981 inc lude:  I n t e r n a t i o n a l  So la r  Po la r  Mission, Long Durat ion Exposure F a c i l i t y ,  Space Telescope, e a r l y  
Spacelab miss ions ,  and t h e  Tracking and Data Relay S a t e l l i t e  System. 

Spacelab Opera t ions  - FY 1981 funding i s  r e q u i r e d  f o r  mi s s ion  o p e r a t i o n s  and crew o p e r a t i o n s  p lanning  f o r  

Payload Support Operat ions - Funding i n  FY 1981 i s  r equ i r ed  t o  suppor t  on-going payload i n t e g r a t i o n  
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EXPENDABLE 
LAUNCH 

VEHICLES 



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1981 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF SPACE TRANSPORTATION SYSTEMS EXPENDABLE LAUNCH VEHICLES PROGRAM 

SUMMARY OF RESOURCES REQU IREMENT S 

1980 1981 
1979 Budget Cur ren t  Budget 

Ac tua l  E s t i m a t e  Es t imate  E s  t i m a  t e 
(Thousands of D o l l a r s )  

S c o u t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10,600 7,300 5,100 2,200 
.... 5 , 600 18,300 18,300 

Delta... .......................................................... 45,680 43,100 46 , 100 47 , 900 
Atlas-F.............................. --- 2,000 1,200 

Centaur....................................................... 17,320 

............................. --- 

Total........................................................... 73,600 70,700 70,700 55,700 -- 

D i s t r i b u t i o n  of Program Amount by I n s t a l l a t i o n :  

Kennedy Space C e n t e r . . . . . . . . .  ..................................... 9,600 3,800 3,700 2,800 
Goddard Space F l i g h t  C e n t e r . . . . . . .  ................................ 40,496 40,400 43,000 43,500 
Langley Research C e n t e r . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .............. 10,540 7,20Q 5,000 2,200 
L e w i s  Research C e n t e r . . . . . . . . . . . . . . . . .  ............................ 12,000 16,400 16,900 4,300 ...................................................... 2 100 2,900 Headquar ters  964 2,900 L 

......................................................... 70 700 55,700 T o t a l . .  73,600 70,700 L 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1981 ESTIMATES 

OFFICE OF SPACE TRANSPORTATION SYSTEMS EXPENDABLE LAUNCH VEHICLES PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The o b j e c t i v e  of t h e  expendable launch v e h i c l e s  program i s  t o  provide  f o r  t h e  c e n t r a l i z e d  procurement of 
launch v e h i c l e s  and launch suppor t  s e r v i c e s  f o r  NASA's automated s p a c e c r a f t  miss ions .  
procurement of launch v e h i c l e  hardware, launch s e r v i c e s ,  engineer ing and maintenance,  and,  as  r e q u i r e d ,  develop- 
ment of improved v e h i c l e  sys tems,  i n c l u d i n g  t h e  necessary  ground suppor t  equipment. Launch v e h i c l e s  c u r r e n t l y  
being procured are: Scout,  Centaur,  Delta, and Atlas-F. 

The program i n c l u d e s  t h e  

The expendable launch v e h i c l e s  program i n c l u d e s  funding f o r  v e h i c l e  hardware, such as s o l i d  r o c k e t  motors,  
b o o s t e r s ,  upper s t a g e s ,  shrouds ,  a d a p t e r s ,  mission-unique hardware, and launch suppor t  inc lud ing  p r e p a r a t i o n  
of hardware f o r  launch,  guidance  and c o n t r o l  s e r v i c e s ,  miss ion so f tware ,  pre launch and post launch engineer ing 
a n a l y s i s ,  t r a n s p o r t a t i o n ,  p r o p e l l a n t s ,  and range suppor t .  It a l s o  i n c l u d e s  procurement of v e h i c l e  hardware t o  
be used as backup suppor t  f o r  e a r l y  u s e r s  t r a n s i t i o n i n g  t o  t h e  Space T r a n s p o r t a t i o n  S y s t e m  Operat ions .  I n  
a d d i t i o n ,  an  u p r a t i n g  program t o  improve t h e  performance of t h e  Delta launch v e h i c l e  i s  being i n i t i a t e d  t o  
provide  s u f f i c i e n t  c a p a b i l i t y  t o  launch NASA' s  Landsat  miss ion and v a r i o u s  re imbursable  customers miss ions .  

Launches under t h i s  program are conducted from s i t e s  l o c a t e d  a t  t h e  Eas te rn  T e s t  Range i n  F l o r i d a ,  t h e  Western 
Test Range i n  C a l i f o r n i a ,  t h e  Wallops F l i g h t  Center  i n  V i r g i n i a ,  and t h e  San Marco p la t fo rm o f f  t h e  c o a s t  of 
Kenya, A f r i c a .  

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

There has  been no change i n  t h e  t o t a l  FY 1980 estimates, however, funding adjus tments  were made w i t h i n  t h e  
t o t a l  t o  r e f l e c t  c u r r e n t  program requirements  i n c l u d i n g  ex tens ion  of Delta backup c a p a b i l i t y  i n  suppor t  o f  
Space T r a n s p o r t a t i o n  System u s e r s ,  r e s u l t i n g  from de lay  i n  t h e  S h u t t l e  f i r s t  manned o r b i t a l  f l i g h t .  
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BASIS OF FY 1981 FUNDING REQUIREMENTS: 

1980 1981 
197 9 Budget Cur ren t  Budget 

Ac tua l  E s t i m a t e  Estimate E s  t i m a  t e 
(Thousands of D o l l a r s )  

Scout  ............................................................. 10,600 7,300 5 , 100 2,200 

OBJECTIVES AND STATUS: 

The Scout  l aunch  v e h i c l e  w a s  i n i t i a t e d  by NASA i n  1959 w i t h  t h e  g o a l  of economically launching a wide v a r i e t y  
of s m a l l  s c i e n t i f i c  s a t e l l i t e s ,  space  probes ,  and re- entry  exper iments .  The f i r s t  Scout launch occurred i n  
J u l y  1960. I n  t h e  ensuing 1 9  y e a r s ,  t h e r e  have been 1 0 1  launches ,  and 87  of t h e s e  launches  have been s u c c e s s f u l .  

The Scout v e h i c l e  i s  t h e  smallest launch v e h i c l e  employed by NASA. I t  i s  a four- s tage ,  s o l i d  p r o p e l l a n t  
launch v e h i c l e .  The v e h i c l e  i s  approximately  22.4 meters i n  l e n g t h  (73  f e e t )  and t h e  f i r s t  s t a g e  b o o s t e r  has  a 
diameter  of 1 .14 meters (3.75 f e e t ) .  
meter (300 n a u t i c a l  m i l e )  o r b i t .  

I t  i s  capab le  of p l a c i n g  a 180 ki logram (400 pound) payload i n  a 556 k i l o-  

The Langley Research Cente r ,  l o c a t e d  a t  Hampton, V i r g i n i a ,  has  managed t h e  Scout p r o j e c t  s i n c e  i ts  i n c e p t i o n .  
The prime c o n t r a c t o r  f o r  t h e  p roduc t ion ,  checkout ,  and launch of Scout i s  t h e  Ling-Temco-Vought Aerospace 
Corpora t ion ,  l o c a t e d  i n  Dallas, Texas. Scout v e h i c l e s  are launched from t h e  Western T e s t  Range, C a l i f o r n i a ;  
from Wallops I s l a n d ,  V i r g i n i a ;  and from t h e  San Marco p la t fo rm o f f  t h e  A f r i c a n  c o a s t  near  Kenya. 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The estimate h a s  been reduced by $ 2 . 2  m i l l i o n  because of b e t t e r  d e f i n i t i o n  of NASA requirements  and a g r e a t e r  
s h a r e  of t h e  c o s t s  be ing  born by DOD u s e r s .  The $2.2 m i l l i o n  has  been r e a l l o c a t e d  t o  t h e  Delta p r o j e c t  t o  be 
a p p l i e d  t o  STS t r a n s i t i o n  backup requirements .  

BASIS FOR FY 1981 ESTIMATE: 

The funds  r e q u i r e d  i n  FY 1981 w i l l  be used f o r  eng ineer ing ,  t e c h n i c a l  s u p p o r t ,  v e h i c l e  t e s t i n g  and checkout ,  
launch o p e r a t i o n s  and maintenance of launch f a c i l i t i e s  and ground equipment. FY 1981 funds  w i l l  p rov ide  f o r  
p r e p a r a t i o n  and launch of two San Marco c o o p e r a t i v e  miss ions  from t h e  A f r i c a n  San Marco launch p la t fo rm.  These 
l aunches  w i l l  complete N A S A ' s  u s e  of t h e  Scout  launch v e h i c l e .  
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BASIS OF FY 1981 FUNDING REQUIREMENTS: 

CENTAUR 

1980 1981 
1979 Budget Current  Budget 

Ac tua l  Estimate E s t i m a t e  E s t  imate 
(Thousands of D o l l a r s )  

C e n t a u r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ............................ 17,320 18,300 18,300 5,600 

OBJECTIVES AND STATUS: 

T h i s  p r o j e c t  p rov ides  f o r  t h e  procurement and launch of t h e  A t l a s  b o o s t e r  s t a g e  and t h e  Centaur upper s t a g e .  
The Centaur i s  a high performance upper s t a g e ,  which i s  t h e  most powerful used by NASA f o r  automated miss ions .  
It is  being used w i t h  t h e  A t l a s  b o o s t e r  f o r  h igh  energy miss ions ,  p a r t i c u l a r l y  p l a n e t a r y  and synchronous 
o r b i t s .  The A t l a s  Centaur v e h i c l e  i s  40 meters (131 f e e t )  i n  l e n g t h  and h a s  a diameter  of 3 . 1  meters (10 f e e t ) .  

I n  a d d i t i o n ,  t h e  Centaur h a s  been p r e v i o u s l y  used w i t h  t h e  T i t a n  b o o s t e r  t o  launch heav ie r  s p a c e c r a f t  beyond 
t h e  c a p a b i l i t y  of t h e  A t l a s  Centaur.  I n  t h i s  c o n f i g u r a t i o n ,  t h e  T i t a n  Centaur h a s  s u c c e s s f u l l y  launched two 
H e l i o s  m i s s i o n s ,  two Viking miss ions ,  and two Voyager miss ions .  S ince  NASA has  no f u t u r e  p l a n s  t o  u s e  t h e  
T i t a n  Centaur v e h i c l e  combination, i t  h a s  been phased o u t .  

BASIS OF FY 1981 ESTIMATE: 

The l a s t  NASA miss ion  r e q u i r i n g  t h e  A t l a s  Centaur launch v e h i c l e  w a s  t h e  HEAO-3 launched i n  September 1979. 
However, u s e  of t h i s  v e h i c l e  i s  being cont inued by re imbursab le  customers under NASA management and c o n t r o l .  
The funding  r e q u i r e d  i n  FY 1981 i s  f o r  a n  o r d e r l y  phaseout and c l o s e o u t  of t h e  A t l a s  Centaur program. This  
c l o s e o u t  i n c l u d e s  r e s t o r a t i o n  of contractor-owned f a c i l i t i e s  which are be ing  used t o  produce t h e  Atlas  Centaur 
launch v e h i c l e  and t h e  v i t a l  components t h a t  are i n t e g r a l  t o  t h i s  v e h i c l e  system. I n  a d d i t i o n ,  i t  i n c l u d e s  
t h e  mothba l l ing  and teardown of f a c i l i t i e s  t h a t  w i l l  n o t  be  r e q u i r e d  f o r  f u t u r e  requ i rements .  Our c u r r e n t  
planning is  based on a c l o s e o u t  of t h e  program by t h e  end of 1981. 
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BASIS OF FY 1981 FUNDING REQUIREMENTS: 

DELTA 

1980 1981 
Budget Cur r e n t  Budget 1979 

Actual  Estimate E s t i m a t e  Es t imate  
(Thousands of D o l l a r s )  

Delta. . .  .......................................................... 45,680 43 100 46,100 47,900 

OBJECTIVES AND STATUS: 

The Delta launch v e h i c l e  i s  t h e  most widely used v e h i c l e  i n  NASA' s  expendable launch v e h i c l e  fami ly .  S ince  
i t s  f i r s t  u s e  i n  1960, t h i s  v e h i c l e  h a s  been u t i l i z e d  i n  150 launches  and h a s  exper ienced a success  record  of 
over  9 1  p e r c e n t .  It is  p r e s e n t l y  o p e r a t i o n a l  w i t h  two and t h r e e  s t a g e  c o n f i g u r a t i o n s  and a mul t iburn  second 
s t a g e  c a p a b i l i t y .  The f i r s t  s t a g e  i s  an e longa ted  Thor b o o s t e r  w i t h  t h r e e ,  s i x ,  o r  n i n e  s t rap- on  s o l i d  motors 
f o r  t h r u s t  augmentation. 

The second s t a g e  Delta, which p rov ides  a m u l t i p l e  restart  c a p a b i l i t y ,  u s e s  a n  i n e r t i a l  guidance system f o r  
gu id ing  t h e  f i r s t  s t a g e  b o o s t e r  and t h e  second s t a g e  Delta. The t h i r d  s t a g e  x t i l i z e s  t h e  Thiokol  TE-364 s o l i d  
motor,  which i s  s p i n  s t a b i l i z e d .  T h i s  v e h i c l e ,  i n  i t s  th ree- s tage  c o n f i g u r a t i o n ,  i s  approximately  35 meters i n  
l e n g t h  (115 f e e t )  and h a s  a diameter  of 2.44 meters (8 f e e t ) .  I t  is  capab le  of p l a c i n g  a 1 , 7 7 2  kilogram payload 
(3,900 pounds) i n t o  a 555 k i lomete r  (300 n a u t i c a l  mi le )  o r b i t .  

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The $ 3 . 0  m i l l i o n  increase i n  t h e  Delta p r o j e c t  estimate i s  r e q u i r e d  t o  extend t h e  Delta p roduc t ion  and launch 
c a p a b i l i t y  and i n i t i a t e  development of an upra ted  Delta v e h i c l e .  These requ i rements  r e s u l t  from d e l a y s  i n  t h e  
S h u t t l e  f i r s t  manned o r b i t a l  f l i g h t .  A s  a r e s u l t  of t h e  S h u t t l e  d e l a y s ,  backup c a p a b i l i t y  must be extended 
and a v e h i c l e  capab le  of launching a h e a v i e r  s p a c e c r a f t  must be  developed. These funds w i l l  a l l o w  f o r  a con- 
t inued  backup c a p a b i l i t y  through September 1980. This  i n c r e a s e  is  provided f o r  by r e a l l o c a t i o n  of funding 
from t h e  Scout and Atlas-F p r o j e c t s .  

BASIS OF FY 1981 BUDGET ESTIMATE: 

The FY 1981 funding w i l l  b e  used t o  con t inue  t h e  Delta launch v e h i c l e  procurements i n i t i a t e d  i n  p r i o r  y e a r s  
t o  s u p p o r t  NASA s p a c e c r a f t  requirements  and t o  s u s t a i n  a minimum produc t ion  c a p a b i l i t y  t o  back up e a r l y  u s e r s  
scheduled on t h e  Space T r a n s p o r t a t i o n  System. Funds are a l s o  r e q u i r e d  f o r  t e c h n i c a l  and eng ineer ing  suppor t  
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t o  s u s t a i n  v e h i c l e  tes t  and checkout and launch o p e r a t i o n s ,  and t o  suppor t  maintenance of launch f a c i l i t i e s  and 
ground equipment. I n  a d d i t i o n ,  a v e h i c l e  u p r a t i n g  i s  be ing  i n i t i a t e d  t o  i n c r e a s e  t h e  performance c a p a b i l i t y  t o  
2,750 pounds t o  geosynchronous t r a n s f e r  o r b i t  t o  suppor t  Landsat and re imbursable  miss ion  requirements .  The 
Delta u p r a t i n g  w i l l  a l l o w  cont inued c a p a b i l i t y  t o  r e t r i e v e  t h e  Landsat miss ion  and a l low NASA t o  o f f e r  t h e  
c a p a b i l i t y  t o  launch heav ie r  s p a c e c r a f t  t o  o t h e r  u s e r s .  

BASIS OF FY 1981 FUNDING REQUIREMENTS: 

ATLAS-F 

1980 1981 
1979 Budget Current  Budget 

Ac tua l  Est imate  E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s )  

Atlas- F..  ......................................................... --- 2,000 1,200 --- 

OBJECTIVES AND STATUS: 

The Atlas- F i s  a one and one-half s t a g e  v e h i c l e  which uses  l i q u i d  oxygen and kerosene as p r o p e l l a n t s .  The 
v e h i c l e  is a r e f u r b i s h e d  s u r p l u s  I n t e r c o n t i n e n t a l  B a l l i s t i c  Missile (ICBM) being managed by t h e  USAF f o r  space  
miss ions .  NASA h a s  used t h i s  v e h i c l e  t o  l aunch  t h e  TIROS-N and S e a s a t  m i s s i o n s ,  bo th  of which were success-  
f u l l y  launched dur ing  1978. 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The $2.0 m i l l i o n  reques ted  i n  t h e  FY 1980 budget provided €or  modifying t h e  Atlas v e h i c l e ,  t h e  f a i r i n g  and f o r  
t h e  v e h i c l e  i n t e g r a t i o n  o f  t h e  Search and Rescue miss ions .  The Search and Rescue miss ions  w i l l  be launched a s  
piggyback m i s s i o n s  w i t h  Nat iona l  Oceanic and Atmospheric Admin is t ra t ion  s a t e l l i t e s  beginning i n  l a t e  1982 o r  
e a r l y  1983. The d e c r e a s e  of $800 thousand is  a r e s u l t  of t h e  requ i rements  t o  modify t h e s e  v e h i c l e s .  These 
funds have been r e a l l o c a t e d  t o  t h e  Delta p r o j e c t  t o  cover Space T r a n s p o r t a t i o n  System backup t r a n s i t i o n  
v e h i c l e  s u p p o r t  f o r  S h u t t l e  u s e r s .  
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NATIONAL, AERONAUTICS AND SPACE ADMINISTRATION 

Proprams 

FISCAL YEAR 1981 ESTIMATES 

RESEARCH AND DEVELOPMENT BUDGET PLAN FOR SPACE SCIENCE PROGRAMS 

Budget Plan 

1979 Budget Current Budget 
Actual Estimate Estimate Estimate 

(Thousands of Dollars) 

1980 1981 

Physics and astronomy...................................... 282,900 337,500 337,100 438,700 

Planetary exploration....................................... 182,400 220,200 219,900 179,600 

Life sciences.........................................o.o.. 40,100 43 900 43 800 49,700 

668.000 Total.................................................... 505,400 601.600 600,800 
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OFFICE OF SPACE SCIENCE 

PROJECT 

RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1981 ESTIMATES 

LAUNCH SCHEDULE 

MISSION 

PHYSICS AND ASTRONOMY PROGRAM 

CALENDAR 
YEAR 

Solar Maximum Mission SMM 1980 

International Solar Polar Mission ISPM 1983 

Space Telescope ST 1983 

Gamma Ray Observatory GRO 1985 

Space Shuttle Orbital Flight Test Payloads oss- 1 1981 

Spacelab Spacelab-1 
-2 

1982 
1982 

(Shuttle/Spacelab Payloads in support of Space Science objectives will build to a flight rate of approximately 
2.5 equivalent Spacelab missions per year by 1984). 

Explorers : 

Dynamics Explorer 1981 

San Marco-D/Low Orbit 
San Marco-D/Multistationary 
Solar Mesosphere Explorer 

1981 
1982 
1981 

Infrared Astronomical Satellite 1981 

Cosmic Ray Isotope Experiment 1981 
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PROJECT 

S u b o r b i t a l  Programs : 

Sounding Rockets 

Bal loon F l i g h t s  

Airborne 

LAUNCH SCHEDULE (CONTINUED) 

MISS ION 

Act ive  Magnetospheric 
P a r t i c l e  Tracer  
Exp 1 o r  e r 

Cosmic Background Explorer  

Extreme U 1  t r a v i o l e t  Explorer  

CALENDAR 
YEAR 

1983 

1985 

1985 

About 60 launches p e r  year  

About 20 launches p e r  yea r  

About 80 f l i g h t s  pe r  year  
w i th  C-141 Airborne 
Observatory 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1981 ESTIMATES 

OFFICE OF SPACE SCIENCE PHYSICS AND ASTRONOMY PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The major o b j e c t i v e  of t h e  Phys ics  and Astronomy program i s  t o  i n c r e a s e  our  knowledge and understanding of 
t h e  s o l a r  terrestr ia l  space  environment and t h e  o r i g i n ,  evo lu t ion ,  s t r u c t u r e ,  and composi t ion of t h e  universe ,  
i nc lud ing  t h e  Sun, t h e  stars,  and t h e  o t h e r  ce les t i a l  bodies .  
i nves t igaFe  t h e  phys ics ,  chemis t ry  and t r a n s p o r t  p rocesses  occu r r ing  i n  t h e  E a r t h ' s  magnetosphere, ionosphere,  
and atmosphere, and t h e  responses of t h e  t r a n s p o r t  p rocesses  t o  s o l a r  phenomena and v a r i a b i l i t y ;  t h e  s t r u c t u r e  
and dynamics of t h e  Sun and i t s  long- and sho r t - t e rm v a r i a t i o n s ;  cosmic ray ,  X-ray, gamma ray ,  u l t r a v i o l e t ,  
o p t i c a l ,  i n f r a r e d ,  and r a d i o  emissions from stars,  i n t e r s t e l l a r  gas and d u s t ,  p u l s a r s ,  neu t ron  stars,  quasa r s ,  
b l ack  h o l e s ,  and o t h e r  c e l e s t i a l  sources ;  and t h e  l a w s  governing t h e  i n t e r a c t i o n s  and processes  occu r r ing  i n  
t h e  universe .  Many of  t h e  phenomena be ing  i n v e s t i g a t e d  i n  t h e  Phys ics  and Astronomy program are no t  d e t e c t a b l e  
from ground-based o b s e r v a t o r i e s  because of t h e  obscur ing  o r  d i s t o r t i n g  e f f e c t s  of  t h e  Ea r th ' s  atmosphere. 

Space-based r e s e a r c h  i s  be ing  conducted t o  

To achieve  t h e  o b j e c t i v e s  of t h e  Phys ics  and Astronomy program, NASA employs t h e o r e t i c a l  and l a b o r a t o r y  
r e sea rch ;  a i r c r a f t ,  ba l loon ,  and sounding rocke t  f l i g h t s ;  Shu t t l e /Space l ab  f l i g h t s ;  and f r e e - f l y i n g  s p a c e c r a f t .  
Research teams involved i n  t h e  Physics  and Astronomy program are l o c a t e d  a t  u n i v e r s i t i e s ,  i n d u s t r i a l  l abo ra-  
t o r i e s ,  NASA f i e l d  c e n t e r s ,  and o t h e r  government l a b o r a t o r i e s .  

The s c i e n t i f i c  in format ion  obta ined  and t h e  technology developed i n  t h e  Phys ics  and Astronomy program a r e  
made a v a i l a b l e  t o  t h e  s c i e n t i f i c  and t e c h n i c a l  communities f o r  a p p l i c a t i o n s  t o  and t h e  advancement of s c i e n-  
t i f i c  knowledge, educa t ion ,  and technology. 

The Phys ics  and Astronomy miss ions  undertaken t o  d a t e  have been e x t r a o r d i n a r i l y  succes s fu l .  The High Energy 
Astronomy Obse rva to r i e s  (HEAO's), t h e  most r e c e n t  series of l a r g e  obse rva to ry  missions,  a r e  making major con- 
t r i b u t i o n s  t o  our  understanding of t h e  h igh  energy processes  and of t h e  d i s t r i b u t i o n  and c h a r a c t e r i s t i c s  of 
X-ray e m i t t i n g  o b j e c t s .  Explorer  sa te l l i t es ,  a program invo lv ing  a series of r e l a t i v e l y  low c o s t  missions 
whose o r i g i n  d a t e s  back t o  t h e  beginning of  our  coun t ry ' s  space program, con t inue  t o  make major d i s c o v e r i e s  
about  celes t ia l  phenomena, as w e l l  a s  about  t h e  n a t u r e  of t h e  s o l a r  terrestr ia l  i n t e r a c t i o n s  and t h e i r  e f f e c t  
on t h e  nea r- ea r th  environment. For example, t h e  I n t e r n a t i o n a l  U l t r a v i o l e t  Explorer  has r e c e n t l y  observed ev i-  
dence of a ha lo  of ho t  gasaround ourowngalaxyand  has provided evidence, i n  conjunctionwithHEAO-2observations, 
whichmay imply t h e  e x i s t e n c e o f  massive b lack  h o l e s i n  some g lobu la r  s t a r  c l u s t e r s .  The I n t e r n a t i o n a l  Sun-Earth 
Explorers  a r e  now s u c c e s s f u l l y  i n v e s t i g a t i n g  fundamental p roces ses  occu r r ing  a s  a r e s u l t  of t h e  extremely 
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complex s o l a r  wind/magnetosphere/ionosphere i n t e r a c t i o n s .  
opment of technology and s e r v e s  a s  a f u r t h e r  t e s t  oppor tun i ty  f o r  t h e  t echno log ies  necessa ry  f o r  i a t e r ,  more 
complex o b s e r v a t o r i e s .  

The Explorer program a l s o  p l a y s  a key r o l e  i n  devel-  

Major accomplishments dur ing FY 1979 included t h e  launchof  t h e  secondand t h i r d  o b s e r v a t o r i e s o f  t h e  HEAO series. 
The f i r s t  HEAO miss ion  has been s u c c e s s f u l l y  completed. The second of t h e  HEAO s e r i e s ,  HEAO-2, i s  c u r r e n t l y  
conducting unique high res ,o lu t ion  imaging X-ray obse rva t ions .  The t h i r d  of t h e  HEAO series, HEAO-3, i s  
c a r r y i n g  ou t  a p re l iminary  survey of t h e  sky f o r  gamma r a y  l i n e s  and i s  measuring t h e  composit ion of cosmic r a y  
p a r t i c l e s .  S i g n i f i c a n t  s c i e n t i f i c  r e s u l t s  ob ta ined  from t h e  HEAO miss ions  t o  d a t e  i n c l u d e  t h e  d i scovery  by 
HFAO-1 of more than 1,000 new X-ray sources ,  the demonst ra t ion  by HMO-2 that a much wider  v a r i e t y  of stars 
e m i t  X-rays i n  g r e a t e r  q u a n t i t i e s  than  p r e v i o u s l y  p r e d i c t e d ,  and new in fo rmat ion  provided by HEAO-3 concerning 
t h e  d e t a i l e d  composit ion of cosmic r a y s  i n  t h e  i r o n ,  n i c k e l ,  c o b a l t  groups of elements.  
v e l o c i t y  s t r u c t u r e s  i n  t h e  Sun's upper atmosphere have been discovered through t h e  u se  of ins t rumented sounding 
r o c k e t  f l i g h t s .  A new technique has  been s u c c e s s f u l l y  t e s t e d  f o r  measuring t h e  temperature  and v e l o c i t y  of t h e  
s o l a r  wind as i t  o r g i n a t e s  w i t h i n  t h e  Sun's corona, and s e v e r a l  sounding r o c k e t  payloads of s p e c i a l i z e d  X-ray 
instruments have been prepared f o r  c o r r e l a t i v e  f l i g h t s  dur ing t h e  o p e r a t i o n  of the S o l a r  MaximumMission. 
Major p r o g r e s s  w a s  a l s o  made i n  t h e  development of experiments and o t h e r  f l i g h t  equipment f o r  f u t u r e  Physics  
and Astronomy f l i g h t  miss ions .  The S o l a r  Maximum Mission,  t h e  Space Telescope,  t h e  I n t e r n a t i o n a l  S o l a r  P o l a r  
Mission,  t h e  Dynamics Explorer ,  t h e  I n f r a r e d  Astronomical  S a t e l l i t e ,  and t h e  S o l a r  Mesosphere Explorer a r e  i n  
v a r i o u s  s t a g e s  of f l i g h t  development. The S o l a r  Maximum Mission experiments and s p a c e c r a f t  have, i n  f a c t ,  been 
i n t e g r a t e d  and t e s t e d  i n  p r e p a r a t i o n  f o r  launch i n  e a r l y  1980. 
the I n t e r n a t i o n a l  S o l a r  P o l a r  Miss ion and the prime c o n t r a c t o r  f o r  t h e  U. S. s p a c e c r a f t  h a s  been s e l e c t e d .  The 
ins t rument  development f o r  t h e  i n i t i a l  Phys ics  and Astronomy S h u t t l e  payload,  OSS-1, progressed i n  FY 1979. 
The experiments on OSS-1 w i l l  g a t h e r  s o l a r  phys ics  d a t a ,  e v a l u a t e  t h e  ambient and induced S h u t t l e  space  
environment, and p rov ide  d a t a  on payload thermal c o n t r o l  technology.  S i g n i f i c a n t  p rogress  has  a l s o  been 
achieved i n  t h e  p r e p a r a t i o n  of t h e  Spacelab 1 and 2 miss ions ,  which are o p e r a t i o n a l  demonst ra t ion  f l i g h t s  of  
Spacelab hardware produced by t h e  European Space Agency. During FY 1979, s e l e c t i o n  o f  t h e  i n i t i a l  fol low-on 
S h u t t l e / S p a c e l a b  Physics  and Astronomy experiments was  made, some of which w i l l  f l y  as e a r l y  as 1983. 
s e l e c t e d  f o r  f u t u r e  development were t h r e e  f a c i l i t y  class ins t ruments ,  t h e  S o l a r  O p t i c a l  Telescope,  t h e  
Chemical Release Module, and t h e  S h u t t l e  I n f r a r e d  Telescope F a c i l i t y .  

Smal l- scale ,  h igh  

A l l  t h e  exper imenters  are under c o n t r a c t  f o r  

Also  

During FY 1979, t h e  Spacelab miss ion management r e s p o n s i b i l i t y  f o r  a l l  NASA Spacelab miss ions  was conso l ida ted  
w i t h i n  t h e  Physics  and Astronomy program. 
ments f o r  o t h e r  than t h e  Physics  and Astronomy program remains wi th  t h e  r e s p e c t i v e  d i s c i p l i n e s :  
Space Appl i ca t ions ,  and Space Research and Technology. 

R e s p o n s i b i l i t y  f o r  t h e  des ign  and development o f  t h e  ac tua l  exper i-  
L i f e  Sciences ,  
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FY 1980 funding w i l l  suppor t  t h e  cont inued development and launch of major f l i g h t  p r o j e c t s  i nc lud ing  launch 
o p e r a t i o n s  and d a t a  a n a l y s i s  a s s o c i a t e d  w i th  t h e  S o l a r  Maximum Mission planned f o r  an  e a r l y  1980 launch. The 
S o l a r  Maximum Mission i n v e s t i g a t i o n s  w i l l  involve  some 200 s c i e n t i s t s .  The per iod  of s o l a r  maximum a c t i v i t y  i s  
n e a r l y  t w i c e  as h igh  as t h e  average  ( a s  measured by sunspot  count)  and thus  promises many f l a r e s  and o t h e r  
e n e r g e t i c  phenomena f o r  s tudy.  

I n  FY 1980 development a c t i v i t i e s  w i l l  con t inue  on t h e  Space Telescope l ead ing  t o  a S h u t t l e  launch i n  1983. 
The Space Telescope w i l l  a l l ow  r e s e a r c h  a t  t h e  f o r e f r o n t  of o p t i c a l  and u l t r a v i o l e t  astronomy f o r  decades. 
Work w i l l  a l s o  con t inue  on t h e  I n t e r n a t i o n a l  S o l a r  P o l a r  Mission which w i l l  be t h e  f i rs t  miss ion  t o  exp lo re  t h e  
three- dimensional  space  around t h e  Sun. The Dynamics Explorer ,  which w i l l  i n v e s t i g a t e  t h e  i n t e r a c t i o n  of  t h e  
E a r t h ' s  magnetosphere and ionosphere,  i s  i n  f i n a l  development l ead ing  t o  launch i n  1981. 
con t inue  f o r  t h e  launch of t h e  I n f r a r e d  Astronomical Sa t e l l i t e  (IRAS),  a coope ra t ive  mission wi th  t h e  Nether-  
l ands  and t h e  United Kingdom, i n  1981. 
more d e t a i l ,  s e l e c t e d  g a l a c t i c  and e x t r a g a l a c t i c  sources .  Development work on t h e  San Marco-D miss ions ,  which 
are coope ra t ive  miss ions  w i th  I t a l y ,  w i l l  be cont inued ,  l e a d i n g  t o  launches i n  1981 and 1982. 
w i l l  a l s o  be cont inued on t h e  Cosmic Ray I so tope  Experiment, which w i l l  be  launched on a Department of Defense 
sa te l l i te  i n  1981. 
w i l l  be  launched i n  1981. 
corresponding changes occu r r ing  i n  ozone and r e l a t e d  chemistry a s  a r e s u l t  of t h e  u l t r a v i o l e t  r a d i a t i o n .  

P r e p a r a t i o n s  w i l l  

The IRAS w i l l  perform an  i n f r a r e d ,  a l l - s k y  survey  and w i l l  s tudy ,  i n  

Development 

F i n a l l y ,  development e f f o r t s  w i l l  be  cont inued on t h e  S o l a r  Mesosphere Explorer,  which 
The SolarMesosphere Explorer  w i l l  determine s o l a r  u l t r a v i o l e t  f l u x ,  and s tudy  

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The FY 1980 estimate f o r  t h e  Phys ics  and Astronomy program has  changed o n l y  s l i g h t l y  i n  t o t a l - - a  r e d u c t i o n  of  
A number of a d j u s t -  $400 thousand as a r e s u l t  of a gene ra l  Congress iona l  r e d u c t i o n  i n  t h e  NASA budget r eques t .  

ments have been made among t h e  i n d i v i d u a l  subprogram elements i n  o r d e r  t o  respond t o  t e c h n i c a l  problems, and 
succes ses ,  and t o  o t h e r  unforeseen circumstances.  A l l  of t h e s e  ad jus tments  have been accommodated w i t h i n  t h e  
t o t a l  budget f o r  t h e  program, and i n  t h e  con tex t  of balanced programmatic p r i o r i t i e s .  

S i g n i f i c a n t  r educ t ions  i n  two p r o j e c t s  have pe rmi t t ed  t h e  a p p l i c a t i o n  of a d d i t i o n a l  r e sou rces  t o  problem 
areas: (1) t h e  s u c c e s s f u l  launch of t h e  t h i r d  and las t  mission i n  t h e  High Energy Astronomy Observa tor ies  
program, HMO-3, w i th  fewer t echn ica l / s chedu le  problems than  a n t i c i p a t e d ,  allowed a r educ t ion  of $2.7 m i l l i o n  
i n  t h e  FY 1980 estimate; (2) i n  t h e  I n t e r n a t i o n a l  S o l a r  P o l a r  Mission development p r o j e c t ,  a r e v i s i o n  i n  t h e  
phased funding of t h e  e f f o r t ,  t o  match requi rements  under t h e  recent ly- awarded s p a c e c r a f t  c o n t r a c t ,  has  per-  
mi t t ed  a r e d u c t i o n  i n  t h e  FY 1980 estimate. 

Resources made a v a i l a b l e  by t h e s e  r educ t ions  have been app l i ed  t o  t hose  p r o j e c t s  which have experienced 
t echn ica l / s chedu le  problems and r e p r i c i n g  ad jus tments ,  p r i m a r i l y  t h e  S o l a r  Maximum Mission and Explorer  
Development. These funding ad jus tments  are d i scus sed  i n  t h e  n a r r a t i v e  s e c t i o n s  i n  each of t h e  a f f e c t e d  
program areas. 
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BASIS OF FY 1981 ESTIMATE: 

I n  FY 1981, a new p r o j e c t  w i l l  be  i n i t i a t e d ,  t h e  Gamma Ray Observatory,  l e a d i n g  t o  a 1985 launch.  The Gamma 

It i s  be l i eved  t h a t  t h e i r  s tudy  
Ray Observatory i s  a comprehensive mission designed t o  s t u d y  t h e  f u l l  sky over  t h e  t o t a l  range  of t h e  gamma r a y  
ene rg i e s .  
w i l l  r e v e a l  d e t a i l s  of fundamental cosmic nuc l ea r  and h igh  energy p roces ses ,  e s p e c i a l l y  t hose  occu r r ing  i n  
active g a l a x i e s  and quasa r s  as w e l l  as i n  supernovae. 

Gamma r a y s  a r e  t h e  most e n e r g e t i c  e l ec t romagne t i c  r a d i a t i o n  known. 

FY 1981 funding w i l l  p rov ide  f o r  t h e  launch  of t h e  Space Sc ience  payload which w i l l  be  flown on an  o r b i t a l  
f l i g h t  tes t  mission;  and development w i l l  con t inue  on t h e  Space Telescope. 
l e v e l  of launch a c t i v i t y  w i l l  t a k e  p lace ,  i nc lud ing  t h e  launch of t h e  Dynamics Explorers ,  t h e  I n f r a r e d  Astro-  
nomical S a t e l l i t e ,  t h e  S o l a r  Mesosphere Explorer ,  t h e  f i r s t  of t h e  San Marco-D miss ions ,  and t h e  Cosmic Ray 
I s o t o p e  Experiment. Development w i l l  s ta r t  on t h e  Act ive  Magnetic P a r t i c l e  Tracer Explorer  (AMPTE). Design 
and d e f i n i t i o n  s t u d i e s * w i l l  a l s o  be c a r r i e d  o u t  f o r  s e v e r a l  p o t e n t i a l  f u t u r e  exp lo re r  missions.  

I n  FY 1981, a n  unusua l ly  h igh  

I n  FY 1981, work w i l l  con t inue  on t h e  miss ion  management e f f o r t s  f o r  a l l  NASA Spacelab payloads.  The FY 1981 
funds w i l l  a l s o  p rov ide  f o r  t h e  ins t rument  development and mission management f o r  Spacelab 1 and 2, and f o r  
ins t rument  development and mission management a c t i v i t i e s  f o r  f u t u r e  Spacelab missions.  

FY 1981 Mission Opera t ions  and Data Analys i s  a c t i v i t i e s  w i l l  focus on t h e  o p e r a t i o n  and a n a l y s i s  of d a t a  from 
satel l i tes  which are producing v a l u a b l e  s c i e n t i f i c  d a t a .  
Obse rva to r i e s ,  t h e  I n t e r n a t i o n a l  U l t r a v i o l e t  Explorer ,  t h e  I n t e r n a t i o n a l  Sun-Earth Explorers ,  and an Atmosphere 
Explorer .  
Dynamics Explorers .  FY 1981 funding w i l l  a l s o  suppor t  p r e p a r a t i o n s  f o r  s c i ence  ope ra t ions  f o r  t h e  Space 
Telescope. 

These s a t e l l i t e s  i n c l u d e  t h e  High Energy Astronomy 

Mission Operat ions and Data Analys i s  w i l l  a l s o  be underway f o r  t h e  So la r  Maximum Mission and t h e  

For S u b o r b i t a l  programs, FY 1981 funds w i l l  p rov ide  f o r  c o n t i n u e t i o n  of sounding r o c k e t  a c t i v i t y ,  and con- 
t i n u i n g  s c i e n t i f i c  i n v e s t i g a t i o n  through b a l l o o n  a n d -a i r c r a f t  f l i g h t s .  

FY 1981 Research and Analys is  funding w i l l  suppor t  a broad range  of e f f o r t s  t o  provide  t h e  r e s e a r c h  and 
technology base  r e q u i r e d  f o r  wel l- conceived and de f ined  f u t u r e  programs. 
technology program, t a s k s  c r i t i c a l  t o  main ta in ing  a f i r m  s c i e n t i f i c  base  f o r  phys ics  and astronomy w i l l  
cont inue .  I n  t h e  a r e a  of Spacelab Payload d e f i n i t i o n ,  e f f o r t s  w i l l  con t inue  on d e t a i l e d  s t u d i e s  of s p e c i f i c  
ins t ruments .  
(NSSDC) and t h e  gene ra l  d a t a  a n a l y s i s  ac t ivi t ies .  

I n  our  suppor t i ng  r e sea rch  and 

The d a t a  a n a l y s i s  a c t i v i t y  w i l l  i n c l u d e  o p e r a t i o n  of t h e  Na t iona l  Space Sc i ence  Data Center  
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BASIS OF FY 1981 FUNDING REQUIREMENTS: 

HIGH ENERGY ASTRONOMY OBSERVATORIES (HEAO) DEVELOPMENT 

1980 1981 
1979 Budget Curren t  Budget 

Estimate Estimate Estimate Actua l  
(Tho us ands of  Do l l a r s )  

.................................................. --- 
................................................. --- ................................................ --- 

HEAO s p a c e c r a f t  7,496 2,300 1 , 900 
HEAO experiments  2,853 1,400 100 
Ground o p e r a t i o n s  298 1,100 100 

Tota l . . .  10.647 4,800 2,100 ....................................................... --- - 
...................... Basic  miss ion  o p e r a t i o n s  and d a t a  a n a l y s i s .  (5,439) (5,351) (6,336) (128) 

(8 , 549) (8 , 548) (10 , 606) Extended mission o p e r a t i o n s  and d a t a  a n a l y s i s .  ................... (3,714) ............... Atlas /Centaur  (expendable launch v e h i c l e  program). (4,905) (---) (1,515) (--- 1 

OBJECTIVES AND STATUS : 

A major s c i e n t i f i c  o b j e c t i v e  of t h e  HEAO program i s  t o  observe and i n v e s t i g a t e  n o t  on ly  those  X-ray sources  
t h a t  a r e  a l r e a d y  known, bu t  a l s o  a much l a r g e r  number, which e i t h e r  because of t h e i r  d i s t a n c e  o r  t h e i r  low 
i n t e n s i t y ,  remained undetec ted  b e f o r e  t h e  advent  of HEAO. 
classes of i n t r i n s i c a l l y  weak X-ray sou rces  w i t h i n  our  own galaxy, a s  w e l l  as t h e  obse rva t ion  of t h e  s t r o n g e r  
sources  o u t s i d e  our  galaxy. Other e q u a l l y  impor tan t  o b j e c t i v e s  i n c l u d e  t h e  obse rva t ion  of rare s p e c i e s  of 
cosmic r ays ,  which are c r u c i a l  t o  our  unders tanding  of  heavy element format ion ,  and t h e  s e a r c h  f o r  n u c l e a r  
gamma r a y  l i n e s ,  which are impor tan t  i n  unders tanding  t h e  o r i g i n  of t h e  elements .  
advance our unders tanding  of newly d iscovered  processes  t h a t  r e l e a s e  e x t r a o r d i n a r y  amounts of energy. 
a l s o  enhance our  understanding of t h e  c r e a t i o n  of ma t t e r ,  and i t  w i l l  deepen our  knowledge of observed pheno- 
mena such as quasa r s ,  p l u s a r s ,  novae and supernovae. 

A product  of t h i s  work has been t h e  d e t e c t i o n  of 

This program promises t o  
It w i l l  

The HEAO Program c o n s i s t s  of  t h r e e  miss ions  u t i l i z i n g  Atlas-Centaur  launch v e h i c l e s  launched from t h e  Eas te rn  
T e s t  Range. 
s u c c e s s f u l  o p e r a t i o n s  p r i o r  t o  i t s  r e e n t r y  i n  March 1979. 
X-ray sou rces ,  as w e l l  as a n  i s o t r o p i c  plasma of many m i l l i o n  degrees  temperature.  
launched i n  November 1978, and c a r r i e s  a g raz ing  inc idence  X-ray t e l e s c o p e  t o  make d e t a i l e d  s t u d i e s  of  s p e c i f i c  
X-ray sources .  
t i o n  of  cosmic ray and gamma r a y  ins t ruments .  R e s u l t s  ob ta ined  t o  d a t e  from t h e  HEAO miss ions  are d i scus sed  
under Miss ion  Opera t ions  and Data Analys is .  

HEAO-1, an  X-ray survey mission,  was launched i n  August 1977, and completed 19  months of h i g h l y  
HEAO-1 r e s u l t s  inc luded  t h e  d i s cove ry  of over  1,000 

HFAO-2 was  s u c c e s s f u l l y  

The t h i r d  mission (HEAO-3) w a s  s u c c e s s f u l l y  launched i n  September 1979, and c a r r i e s  a combina- 

RD 4-8 



CHANGES FROM FY 1980 ESTIMATE: 

The FY 1980 e s t i m a t e  r e f l e c t s  a r e d u c t i o n  i n  funding requirements  f o r  t h e  HEAO-3 s p a c e c r a f t  a s s o c i a t e d  w i t h  
t h e  on-time, s u c c e s s f u l  launch; fewer t e c h n i c a l  and schedule  problems w e r e  experienced than  had been 
a n t i c i p a t e d .  These sav ings  have been app l i ed  t o  inc reased  b a s e l i n e  HEAO o p e r a t i o n s  c o s t s  and t o  t h e  
Explorer p r o g r m  t o  r e s o l v e  t e c h n i c a l  problems i n  ongoing development p r o j e c t s .  

BASIS OF FY 1981 FUNDING REQUIREMENTS: 

SOLAR MAXIMUM MISSION (SMM) DEVELOPMENT 

1979 
Actual 

Spacecraft........o.......................................... 10,911 
Experiments...............................*................... 4,139 
Ground operations............................................ 1,650 

Total...................................................... 16.700 

Basic  miss ion  o p e r a t i o n s  and d a t a  ana lys i s . .  ................. (---) 
Extended miss ion  o p e r a t i o n s  and d a t a  analysis................ (---) 

980 
Budget Current  

(Thousands of D o l l a r s )  
E s t  ima t e E s  t ima t e 

1981 
Budget 

Est imate  

600 3,100 - 

(4,900) (4,500 
(--- 1 (--- 

OBJECTIVES AND STATUS: 

The major o b j e c t i v e  of t h e  So la r  Maximum Mission (SMM) i s  t o  conduct d e t a i l e d  s t u d i e s  of t h e  s o l a r  f l a r e  
p rocesses  and t h e  a s s o c i a t e d  s o l a r  a c t i v e  r e g i o n s  dur ing t h e  next  pe r iod  of peak s o l a r  a c t i v i t y ,  which w i l l  
occur i n  1979 through 1981. The i n v e s t i g a t i o n s  w i l l  be conducted over a broad s p e c t r a l  range wi th  h igh 
s p e c t r a l ,  s p a t i a l  and t ime r e s o l u t i o n ,  and w i t h  t h e  o b j e c t i v e  of e x p l a i n i n g  t h e  under ly ing p h y s i c a l  
mechanisms and complex energy t r a n s f e r  and high energy p a r t i c l e  a c c e l e r a t i o n  p rocesses  involved.  

To ach ieve  t h e  s c i e n t i f i c  o b j e c t i v e ,  SMM w i l l  b e  launched nea r  t h e  p e r i o d  of maximum s o l a r  a c t i v i t y  i n  
o r d e r  t o  observe a s u f f i c i e n t  number of l a r g e  and small  f l a r e  events .  The s tudy of f l a r e s  i s  c u r r e n t l y  con- 
s i d e r e d  t o  be  one of t h e  most t ime ly  and impor tant  i n  t h e  NASA s o l a r  p h y s i c s  programs, both  by v i r t u e  of 
t h e  s i g n i f i c a n c e  of t h e  phenomenon and by t h e  s t a t e  of r e a d i n e s s  of t h e  technology r e q u i r e d  t o  c a p i t a l i z e  
on t h e  phenomenon. A g r e a t  dea l  has  a l r e a d y  been l ea rned  about t h e  f l a r e  p rocess  through ins t ruments  flown 
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on the Orbiting Solar Observatories and Skylab. The SMM instruments will be the first to make simultaneous 
observations over the necessary broad range of wavelengths. 

In the area of solar terrestrial relationships, indications of a link between some form of solar activity 
(radiation, particles, and magnetic fields) and the Earth's weather and climate are increasing. With the 
basic capabilities of the flare payload, the inclusion of solar constant instrumentation, and the comple- 
mentary International Sun-Earth Explorer research, the SMM will make a significant contribution to our 
understanding of the effects of solar phenomena. 

The procurement, assembly, and test of the experiments and spacecraft subsystems for SMM were completed 
in FY 1978. 
system is being tested, calibrated, and will be launched. In addition, the mission operations teams have 
been trained, and the guest investigator teams formed. 

During FY 1979, the experiments and the spacecraft were integrated. In FY 1980 the observatory 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The increase of $2.5 million in FY 1980 funding requirements is the result of a delay in the launch of 
the SMM from the fourth quarter of 1979 to the first quarter of 1980. Technical problems were encountered 
during final testing of the observatory which required rework and retest of the spacecraft system. 
Resources were made available from within the Physics and Astronomy program, as discussed in the Fy 1980 
CHANGES section of the introduction. 

BASIS OF FY 1981 FUNDING REQUIREMENT: 

SPACE TELESCOPE (ST) DEVELOPMENT 

1980 1981 
1979 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thou sands of Dollars ) 

76,900 95 , 100 Spacecraft...........~...~.........e.......o.~.o~~.e......... 52,900 82 , 500 
Experiments.................................................. 26,300 30,200 35,800 24,200 

Total . . . . . . . . . . . . . . . . . . . . o . . . . ~ . . . o ~ . . ~ . . ~ . ~ ~ . . . . ~ e . o . o . . . .  79,200 112.700 112,700 119,300 

Mission operations and data analysis......................... (---) (1,800) (1 , 800 ) (6,700) 
Space transportation system operations............o..o......o (100) (100) (100 1 (3,200) 
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OELJECTIVES AND STATUS: 

The Space Telescope will make a major contribution to understanding the stars and galaxies, and the nature 
and behavior of the gas and dust between them; and the broad question of the origin and scale of the universe. 
Operating in space above the atmospheric veil surrounding the Earth, the Space Telescope will increase by 
several hundredfold the volume of space accessible for observations. With its significant improvements in 
resolution and precision, in light sensitivity and in wavelength coverage, the Space Telescope will permit 
scientists to conduct investigations that could never be carried out using ground-based observatories due to 
the obscuring and distorting effects of the Earth's atmosphere. 

The Space Telescope will enhance the ability of astronomers to study radiations in the visible and ultra- 
violet regions of the spectrum. 
greater detail about the objects under study. It will make possible observations of objects so remote that 
the light will have taken many billions of years to reach US. As a result, we will be able to look far into 
the distant past of our universe. It will also contribute significantly to the study of the early stages of 
stars and the formation of solar systems and to the observation of such highly evolved objects as supernova 
remnants and white dwarf stars. 
and the processes by which they emit such enormous amounts of energy. 
individual stars in nearby galaxies and perhaps determine if they have planetary systems. 

It will be more sensitive than ground-based telescopes and will record 

With the Space Telescope, we may be able to determine the nature of quasars, 
It will also be possible to study 

The Space Telescope will be an automated observatory, delivered into orbit in 1983 by the Space Shuttle. 
Data from its scientific instruments will be transmitted to Earth via the Tracking and Data Relay Satellite 
System. The Space Telescope will differ from existing automated satellites in that its design will permit 
in-orbit maintenance, repair, and retrieval by the Space Shuttle for return to Earth, refurbishment and 
reuse. 

During FY 1979, continued progress was made in the design and development of the Space Telescope. The 
first primary mirror blank was fabricated and shipped to the Optical Telescope Assembly contractor for 
grinding and polishing. Polishing of the mirror, which will be performed by a new computer-controlled 
polishing machine, was demonstrated by polishing a 60-inch mirror to Space Telescope specifications. 
backup to the flight primary mirror was fabricated and delivered in August 1979, for polishing, using 
traditional manually controlled polishing machines. 
leading to Preliminary Design Reviews in the last half of FY 1979. 
following these reviews. 
early FY 1979, after which the payload selection was confirmed and detailed instrument designs initiated. 
In addition, a contract was awarded for the development of the control and data handling system for the 
scientific instruments, and for the preparation of the verification and acceptance activities associated 
with the instruments. 

A 

The observatory contractors completed design activities 
Detailed designs were initiated 

The Preliminary Design Reviews for the Science Instruments were conducted in 
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FY 1980 activities support detailed design and development of the Optical Telescope Assembly, the Support 
Polishing of the flight primary mirror will begin in April 

After these reviews, fabrication and assembly activities will begin. 

Systems Module, and the Scientific Instruments. 
1980. The Crticial Design Reviews for the Optical Telescope Assembly and the Scientific Instruments are 
scheduled for completion by mid-1980. 
In late FY 1980, the fine guidance sensor engineering model and the star simulator are scheduled to be 
delivered to the support systems module contractor for Space Telescope Pointing Control Subsystem Develop- 
ment Tests. Preliminary coding of flight software for the Support Systems Module will also be completed in 
FY 1980. 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The total FY 1980 funding requirement for the Space Telescope development is unchanged. However, there 
is a redistribution between spacecraft and experiments which is based on revised estimates prepared at the 
time of confirmation of the science payload. This adjustment is consistent with scheduling of the overall 
project mi 1 estones. 

BASIS OF FY 1981 ESTIMATE: 

FY 1981 funding will support the fabrication and assembly activities of the Optical Telescope Assembly, 
the Scientific Instruments and the Support Systems Module. The fabrication and assembly of the Scientific 
Instruments is scheduled to be completed in mid-FY 1981, with verification testing to follow. The Primary 
Mirror of the Optical Telescope Assembly (OTA) is scheduled to be completed and assembly of the OTA sub- 
systems is scheduled to begin in mid-FY 1981. The Critical Design Review for the Support Systems Module 
will be completed in FY 1981, after which fabrication and assembly activities will begin. 
of flight software will be completed and its validation begun in early FY 1981. 

Final coding 

BASIS OF FY 1981 FUNDING REQUIREMENTS: 

INTERNATIONAL SOLAR POLAR MISSION (ISPM) DEVELOPMENT 

1980 1981 
1979 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dol 1 ar s ) 

Spacecraft............................................,...... 2,969 35 , 000 32 , 900 62 , 600 
Experiments................................................... 9,252 14,000 14,000 14,500 
Ground operations............................................. 279 1,000 1,000 5,500 

Total...........................,.......................... 12,500 50,000 47.900 82,600 
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1980 1981 
1979 Budget Current  Budget 

Actual  Est imate Es t imate  Es t imate  
(Thousands of D o l l a r s )  

Space t r a n s p o r t a t i o n  systems operations........................ (1,700) (6,700) (9,700) (15,700) 

OBJECTIVES AND STATUS: 

The I n t e r n a t i o n a l  So la r  Po la r  Mission i s  a j o i n t  NASA and European Space Agency mis s ion  designed t o  o b t a i n  
t h e  f i r s t  view of t h e  s o l a r  system from a new p e r s p e c t i v e  -- a view from f a r  above and f a r  below t h e  p l ane  i n  
which t h e  p l a n e t s  o r b i t  t h e  Sun's equator .  The two s p a c e c r a f t  w i l l  a i d  i n  t h e  s tudy of t h e  r e l a t i o n s h i p  
between t h e  Sun and i t s  magnet ic  f i e l d  and p a r t i c l e  emiss ions  ( s o l a r  wind and cosmic r a y s )  a s  a f u n c t i o n  of 
s o l a r  l a t i t u d e ,  and hence may a l low u s  t o  g a i n  i n s i g h t  i n t o  t h e  p o s s i b l e  e f f e c t s  of s o l a r  a c t i v i t y  on t h e  
Ea r th ' s  weather  and c l imate .  

The o b j e c t i v e  of t h e  I n t e r n a t i o n a l  So la r  Po la r  Mission i s  t o  conduct an e x p l o r a t i o n  of t h o s e  r e g i o n s  of 
t h e  he l io sphe re  above and below t h e  e q u a t o r i a l  p l a n e  of t h e  Sun. 
r e g i o n s  of  t h e  Sun have no t  been made be fo re ,  and evidence  i n d i c a t e s  t h a t  t h i s  r e g i o n  of  space  i s  g r e a t l y  
d i f f e r e n t  from t h e  r e g i o n  i n  which t h e  Ea r th  i s  loca ted .  Based on t h e  growing evidence  of a l i n k  between 
s o l a r  a c t i v i t y  and t e r r e s t r i a l  weather  and c l ima te ,  t h e  need t o  unders tand  t h e  p roces ses  t h a t  might r e s u l t  
from such a l i n k  becomes more p re s s ing .  The c h a r a c t e r i s t i c s  of t h e  s o l a r  wind vary  w i t h  t h e  s o l a r  cyc l e ,  
and t h e  v a r i a b i l i t y  i s  becoming p r o g r e s s i v e l y  b e t t e r  known as  a r e s u l t  of cont inuing  space  exp lo ra t ion .  
The h igh  l a t i t u d e  f e a t u r e s  on t h e  Sun a r e  be l i eved  t o  a f f e c t  t h e  s o l a r  wind c o n d i t i o n s  a t  Earth. The Solar  
Maximum Mission and t h e  I n t e r n a t i o n a l  Sun-Earth Explorers  w i l l  s tudy  t h e  s o l a r  p roces s  from e s s e n t i a l l y  t h e  
s o l a r  e q u a t o r i a l  plane. 

Observa t ions  i n  t h e  extreme, h igh  l a t i t u d e  

NASA and t h e  European Space Agency (ESA) w i l l  each p rov ide  one s p a c e c r a f t  of approximately equal  and 
complementary c a p a b i l i t i e s .  
s e l e c t i o n  committee. Launch, t r a c k i n g  and d a t a  a c q u i s i t i o n ,  and mis s ion  o p e r a t i o n s  w i l l  be c a r r i e d  out  by 
NASA, w i t h  ESA p a r t i c i p a t i o n .  

Science experiments  have been ass igned  t o  each of t h e  two s p a c e c r a f t  by a j o i n t  

Enploying a concept t h a t  e x p l o i t s  t h e  g r a v i t a t i o n a l  p u l l  of J u p i t e r ,  t h e  launch of t h e  miss ion  i s  planned 

The g r a v i t a t i o n a l  f o r c e  of J u p i t e r  w i l l  be used t o  swing t h e  two 
f o r  February 1983. 
Stage v e h i c l e  on a t r a j e c t o r y  t o  J u p i t e r .  
s p a c e c r a f t  on m i r r o r  image cou r se s  (no r th  and sou th )  back over t h e  Sun, w e l l  above t h e  s o l a r  e q u a t o r i a l  
plane.  Both s p a c e c r a f t  w i l l  t hen  p a s s  over  t h e  n o r t h  and south  p o l e s  of  t h e  Sun. 

Both t h e  NASA and ESA s p a c e c r a f t  w i l l  b e  launched from a s i n g l e  S h u t t l e / I n e r t i a l  Upper 
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During FY 1979, the experiments were confirmed, flight instrument design began, interface specifications 
were established, and the spacecraft system contractor was selected. 

During FY 1980 the preliminary designs of the spacecraft, experiments, and ground operations will be 
developed. Long lead time components and subsystems will be procured. 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The reduction of $2.1 million in the FY 1980 estimate reflects a rephasing of funding requirements to 
match the current schedule of development activities, and the associated contractual funding pattern, under 
the spacecraft contract awarded in late 1979. 

The International Solar Polar Mission launch plan was examined during 1979 in connection with the general 
review of the projected early system capabilities of the Space Transportation System. While it was deter- 
mined that the baseline plan (single launch in 1983 of NASA/ESA spacecraft) would be retained, it was deemed 
prudent to maintain the option of dual launches for these two spacecraft in 1983. The preliminary cost 
estimates for maintaining this option and for the impact on the Solar Polar Mission of the slip of the 
Galileo mission to 1984 (which now makes Solar Polar the first planetary-type mission to be launched by 
STS) are currently-under detailed review by the Agency. 

BASIS OF FY 1981 ESTIMATE: 
, .  

FY 1981 funding will provide for continued development of the spacecraft systems and experiments. 
Detailed designs, hardware procurement, and bread-board testing will be accomplished. 

BASIS OF FY 1981 FUNDING REQUIREMENTS: 

GAMMA RAY OBSERVATORY (GRO) DEVELOPMENT 

1980 1981 
1979 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 
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OBJECTIVES AND STATUS: 

The o b j e c t i v e  of t h e  Gamma Ray Observatory (GRO) program i s  t o  measure gamma r a y  r a d i a t i o n  from t h e  u n i v e r s e  
and, thus ,  t o  e x p l o r e  t h e  fundamental phys i ca l  p roces ses  powering it. Cer t a in  c e l e s t i a l  phenomena a r e  
a c c e s s i b l e  on ly  a t  gamma r a y  ene rg i e s .  The obse rva t iona l  o b j e c t i v e s  of GRO a r e  t hus  t o  s ea rch  f o r  d i r e c t  
ev idence  of t h e  s y n t h e s i s  of t h e  chemical elements; t o  observe  h igh  energy a s t r o p h y s i c a l  p roces ses  occur ing  
i n  supernovae, neut ron  s t a r s  and b l ack  holes ;  t o  l o c a t e  gamma r a y  b u r s t  sources;  t o  measure t h e  d i f f u s e  
gamma r a y  r a d i a t i o n  f o r  cosmological  evidence of  i t s  o r i g i n ;  and t o  s ea rch  f o r  unique gamma r a y  e m i t t i n g  
o b j e c t s .  

Gamma r a y s  r e p r e s e n t  one of t h e  l a s t  f r o n t i e r s  of  t h e  e l ec t romagne t i c  spectrum t o  be  explored because t h e  
r e q u i r e d  technology has on ly  r e c e n t l y  been developed. The low f l u x  levels  of gamma r a y  quanta, and t h e  
h igh  background they  produce through t h e i r  i n t e r a c t i o n  w i t h  t h e  E a r t h ' s  atmosphere, coupled w i t h  t h e  demand 
f o r  bet ter  s p e c t r a l ,  s p a t i a l ,  and temporal r e s o l u t i o n  of source  f e a t u r e s ,  combine t o  r e q u i r e  t h a t  l a r g e  
gamma r a y  in s t rumen t s  be flown i n  space  f o r  a prolonged per iod .  
t h e  most a s t ronomica l ly  i n t r i g u i n g  o b j e c t s  y e t  d iscovered ,  i nc lud ing  quasars ,  neut ron  s t a r s ,  and b l ack  
holes .  Astronomy i s  now t o  t h e  p o i n t  where our  unders tanding  of t h e s e  o b j e c t s  i s  be ing  s e r i o u s l y  impaired 
by l a c k  of d a t a  i n  t h e  gamma r a y  r e g i o n  of t h e  spectrum. Comprehensive r e s e a r c h  i n  g a m a  r a y  astronomy 
has t h e r e f o r e  c o n s i s t e n t l y  been g iven  h igh  p r i o r i t y  by t h e  s c i e n c e  community. 

Gamma r a y s  provide  unique informat ion  on 

The GRO w i l l  be launched by t h e  Space Shu t t l e .  The s p a c e c r a f t  i s  designed t o  accommodate f i v e  gamma r a y  
ins t ruments .  It i s  planned t h a t  f o u r  of t h e  i n s t rumen t s  w i l l  have t h e i r  p r i n c i p a l  axes  p o i n t i n g  i n  t h e  
same d i r e c t i o n .  The s p a c e c r a f t  w i l l  p o i n t  t h e s e  i n s t rumen t s  i n  a f i x e d  d i r e c t i o n  i n  space  f o r  long p e r i o d s  
of t i m e  (hours  t o  weeks). 
l i m i t e d  by s o l a r  a r r a y  p o i n t i n g  and seasonal  c o n s t r a i n t s .  

The a c c e s s i b i l i t y  of d i f f e r e n t  r e g i o n s  of space  a t  any g iven  t i m e  w i l l  on ly  be  

The c u r r e n t  p lanning  e s t i m a t e  f o r  t h e  GRO i s  $180-225 m i l l i o n .  Th i s  i n c l u d e s  development through launch 
p l u s  t h i r t y  days i n- f l i g h t  checkout. The e s t i m a t e  f o r  suppor t  du r ing  t h e  two-year mi s s ion  o p e r a t i o n s  
pe r iod  and f o r  a n a l y s i s  of t h e  s c i e n t i f i c  d a t a  i s  $30-45 mi l l ion .  
System suppor t  i s  approximately $40 m i l l i o n .  

The e s t i m a t e  f o r  Space Transpor t a t i on  

BASIS FOR FY 1981 ESTIMATES: 

The FY 1981 funding requi rements  w i l l  suppor t  t h e  i n i t i a t i o n  of  des ign  and development f o r  t h e  Gamma Ray 
Observatory. A compe t i t i ve  procurement i s  planned dur ing  FY 1980 l ead ing  t o  t h e  s e l e c t i o n  of two o r  more 
c o n t r a c t s  t o  perform p a r a l l e l ,  independent  mi s s ion  concept s t u d i e s .  Following t h e s e  s t u d i e s ,  a c o n t r a c t o r  

w i l l  be s e l e c t e d  from among t h e  s tudy  p a r t i c i p a n t s  t o  develop a s p a c e c r a f t ,  t o  i n t e g r a t e  t h e  s p a c e c r a f t  
and s c i e n t i f i c  ins t ruments ,  and t o  suppor t  t h e  mis s ion  ope ra t ions .  S c i e n t i f i c  i n s t rumen t s  f o r  GRO have 
been s e l e c t e d  f o r  d e f i n i t i o n  from re sponses  by t h e  s c i e n t i f i c  community t o  an Announcement of Opportunity. 
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BASIS OF FY 1981 FUNDING REQUIREMENTS: 

SHUTTLE/SPACELAB SCIENCE PAYLOAD DEVELOPMENT AND MISSION MANAGEMENT 

1980 1981 
1979 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

25 , 200 Science experiments.......................................... 24,692 25,800 16,900 
Mission management............................................ 10,208 15,500 24,000 46,900 

Total.....................oo........o...................... 34,900 41,300 40,900 72,100 

Space transportation systems operations.. .................... (2,600) (20,100) (13,200) (32,100) 

OBJECTIVES AND STATUS: 

The objectives of the Shuttle/Spacelab science payload development and mission management are to acquire 
new knowledge in the disciplines of Physics and Astronomy, and to manage the mission planning and execution 
of the complete NASA Spacelab payload program. The science experiment funding provides for the development 
of Physics and Astronomy experiments and the analysis of the flight data. Mission management funding pro- 
vides for system management and engineering of the payload hardware, flight hardware and software necessary 
to support the experiment complement, payload specialist support, physical integration of the payload with 
the Spacelab, flight operations, and data dissemination to the science investigators for all NASA Spacelab 
flights. 

Shuttle Orbital Flight Test (OFT) and Spacelab-1 and -2 Payload Development 

The experimental payload scheduled for launch in 1981 on a Shuttle orbital flight test will consist of six 
instruments that will gather solar physics data, evaluate the Shuttle environment, and provide data on 
thermal control technology. These instruments are mounted on a Spacelab pallet, and a Life Sciences 
experiment is located inside the orbiter cabin. In FY 1979, the instrument design and development activities 
were completed. 
of the integrated payload. Flight operations planning has been in process since FY 1979 and will be com- 
pleted this year. 

The FY 1980 budget will support completion of instrument fabrication and assembly and test 

Launch and flight operations will occur in FY 1981. 
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Spacelab 1, which will consist of a pressurized module plus a pallet will carry a complement of 38 
instruments from the U.S., Europe and Japan, and will be flown in 1982. The primary objective of the 
mission is to demonstrate the capabilities of the Spacelab system, and the secondary objective is to obtain 
multidiscipline scientific data with emphasis on atmospheric and space plasma physics. Spacelab 1 activi- 
ties underway in FY 1980 include selection of the flight instrument complement, continuation of experiment 
development, completion of mission peculiar equipment final design, development of mission operations, and 
continuation of analytical integration and payload specialist training. 

The Spacelab 2 development activities are on schedule for flight in 1982. Spacelab 2 will be the first 
flight of an all-pallet configuration of Spacelab. 
verify the Spacelab system, the secondary objective is to obtain scientific data with emphasis on astro- 
physics and solar physics. The payload consists of eleven U.S., and two United Kingdom astrophysics and 
solar physics experiments. The instrument pointing system, developed by the European Space Agency, will 
be flown for the first time on this mission. Spacelab 2 activities in FY 1980 include final design and 
operation reviews on the integrated payload and mission peculiar equipment, continuation of experiment 
development, development of missions operations, and continuation of analytical integration and payload 
specialist training. 

Although the primary objective of the mission is to 

Shuttle/ Spacelab Principal Investigator and Multiuser Payloads 

Physics and Astronomy experiments to be flown on the Shuttle/Spacelab are divided in two classes: 
principal investigator instruments and multiuser instruments. Principal investigator instruments are those 
proposed for a specific scientific investigation by a single investigator who may have co-investigators. 
Multiuser instruments have a broad scientific capability, can accommodate a number of principal investigator- 
furnished focal plane or ancillary instruments, and have a large user community. In general, principal 
investigator and multiuser instruments will fly together, making scientifically coordinated payloads. In 
response to an Announcement of Opportunity, issued in 1978, soliciting proposals for investigations to be 
conducted on missions after Spacelab 3, forty-two principal iovestigator instruments were selected for 
definition studies. In the multiuser class, after extensive instrument feasibility and definition studies, 
NASA selected the Solar Optical Telescope, the Chemical Release Module and the Shuttle Infrared Telescope 
Facility for development. The Solar Optical Telescope will allow high resolution observations of the solar 
surface features using a number of focal plane instruments. The system will be designed for changes of 
focal plane instrumentation between successive flights. The Chemical Release Module will be used to trace 
the atmospheric motions of neutral constituents to map magnetic and electric fields, to display plasma 
instabilities, and to study, using test particles, particle behavior. The Shuttle Infrared Telescope 
Facility will conduct high resolution studies of selected celestial infrared objects and will provide 
valuable insight into many questions of modern astrophysics including the early stages of star formation 
and the later stages of star evolution, the unusually high energy output of the nuclei of certain galaxies 
and quasars and the early evolution of galaxies and the universe itself. 
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During FY 1979, t h e  mis s ion  management r e s p o n s i b i l i t y  f o r  a l l  NASA Spacelab payloads was ass igned  t o  t h e  
Of f i ce  of Space Science. Beginning i n  FY 1981, funding support  f o r  t h e  NASA-wide Spacelab payload mis s ion  
management w i l l  be budgeted i n  t h i s  program area .  

The FY 1981 payload development e f f o r t  w i l l  concen t r a t e  on mis s ions  which w i l l  b e  flown i n  1983. These 
mis s ions  a r e  predominately l i f e  s c i e n c e  payloads  and a mi s s ion  drawing from t h e  Phys ics  and Astronomy 
s c i e n c e  d i s c i p l i n e s .  Cur ren t ly  under development i s  t h e  Annular Suspension Po in t ing  System, an advanced, 
h i g h l y  s t a b l e  and a c c u r a t e  p o i n t i n g  system designed t o  s a t i s f y  ins t rument  requi rements  f o r  e a r l y  S h u t t l e /  
Spacelab miss ions .  

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The $400 thousand r educ t ion  i n  t h e  t o t a l  Shu t t l e /Space l ab  s c i e n c e  payload development and mis s ion  
management p r o j e c t  i s  t h e  r e s u l t  of a gene ra l  Congressional  r e d u c t i o n  t o  t h e  NASA FY 1980 R&D appropr i a t i on .  
Within t h e  p r o j e c t ,  t h e r e  has  a l s o  been a real ignment between t h e  s c i e n c e  experiments  and t h e  mis s ion  
management e f f o r t s .  F i r s t ,  a subpro jec t  d e f i n i t i o n  change i s  r e f l e c t e d  i n  t h e  FY 1980 Budget Es t imate  
column: suppor t  equipment ($4.1 m i l l i o n )  budgeted under t h e  Science Experiments l i n e  l a s t  yea r  i s  now 
c a r r i e d  under Mission Management. Secondly, t h e  s e l e c t i o n  and c o n t r a c t i n g  p roces s  f o r  f u t u r e  Spacelab 
science experiments  has  r e q u i r e d  more t i m e  t han  planned. This  f a c t o r ,  t o g e t h e r  w i t h  t h e  a d j u s t e d  Space 
Transpor t a t i on  System f l i g h t  schedule,  has  pe rmi t t ed  a r educ t ion  i n  t h e  FY 1980 e s t i m a t e s  f o r  Science 
Experiments. On t h e  o t h e r  hand, f u r t h e r  d e f i n i t i o n  a c t i v i t y ,  a long w i t h  exper ience  ga ined  i n  t h e  p lanning  
f o r  t h e  e a r l y  miss ions ,  has  made ev iden t  t h e  g r e a t e r  scope of work r e q u i r e d  i n  t h e  mis s ion  management 
func t ion .  
and 2 p r e v i o u s l y  planned t o  be  accomplished by c i v i l  s e r v i c e  s t a f f ,  i s  r e f l e c t e d  i n  t h e  i n c r e a s e  i n  t h e  
FY 1980 e s t i m a t e  f o r  mi s s ion  management. 

This  f a c t ,  t o g e t h e r  w i t h  t h e  p l an  t o  c o n t r a c t  f o r  c e r t a i n  mis s ion  p lanning  work on Spacelabs 1 

BASIS OF FY 1981 ESTIMATE: 

OSS-1 and Spacelab 1 and 2 

The FY 1981 budget r e q u e s t  p rov ides  f o r  t h e  mis s ion  management and s c i e n c e  experiment d a t a  a n a l y s i s  of 
t h e  experiments  which w i l l  be flown on a S h u t t l e  o r b i t a l  f l i g h t  t e s t  i n  1981. T h i s  l e v e l  of funding  w i l l  
a l s o  p rov ide  f o r  t h e  complet ion of Spacelab 1 and 2 hardware, i n i t i a t i o n  of i n t e g r a t i o n  of t h e  Spacelab 1 
and 2 hardware w i t h  t h e  Spacelab system, and f i n a l  p r e p a r a t i o n  of  launch and o p e r a t i o n s  plans.  

Shu t t l e lSpace l ab  P r i n c i p a l  I n v e s t i g a t o r  and Mul t iuser  Payloads 

FY 1981 funding p rov ides  f o r  t h e  development of  Phys ics  and Astronomy p r i n c i p a l  i n v e s t i g a t o r  i n s t rumen t s  
now s e l e c t e d  and under d e f i n i t i o n .  The Solar  Op t i ca l  Telescope, Chemical Release Module, and S h u t t l e  
I n f r a r e d  Telescope F a c i l i t y  w i l l  be under development in’FY 1981. 
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The FY 1981 mission management funds will support the ongoing mission integration activities for NASA 
missions. Missions involved in this program in FY 1981 will include Space Applications, Space Research and 
Technology, Life Sciences, and Physics and Astronomy areas. FY 1981 funds will also be utilized to support 
the engineering and analysis for interface definition and mission definition of Shuttle/Spacelab instruments 
during development phases. 

BASIS OF FY 1981 FUNDING REQUIREMENTS: 

EXPLORER DEVELOPMENT 

1980 1981 
1979 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dol lars ) 

Dynamics explorer (DE)....................................... 11,022 11,100 11,900 1 2  , 600 
Solar mesosphere explorer (SME).............................. 2,413 6,900 7 , 460 4,078 
Infrared astronomical satellite (IRAS).. ..................... 15,840 5,700 10,213 5,066 
Active magnetospheric particle tracer explorer (AMPTE)....... --- --- --- 6,600 
Other explorers.............o~o............................oo 2,013 6,700 2 , 7 2 7  4,656 

Total...................................................... 31,288 30.400 32 300 33,000 

Mission operations and data analysis (MmDA)... .............. (12,350) (13,000) (13,707) (14,783) 
Scout and Delta (expendable launch vehicles program). ........ (8,600) (--- 1 ( 8 0 0 )  (---) 
Space transportation system operations....................... (---) (3,700) (1,900) (4,200 ) 

OBJECTIVES AND STATUS: 

The Explorer program provides the principal means of conducting astronomical studies and long-term 
investigations of solar physics and of the near-Earth interplanetary environment having limited, specific 
objectives and not requiring major observatories. 

Included in the present program are missions to study stmospheric and magnetospheric physics; the several 
magnetospheric boundaries; interplanetary phenomena; and X-ray, ultraviolet, and infrared astronomy. 

Studies are conducted to define future high priority science Explorer missions. NASA engages in cooperative 
missions with other U.S. Government agencies and other nations whenever such cooperation will assist in 
achieving NASA objectives. 
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Solar Terrestrial and Atmospheric Explorers provide the means for conducting studies of the Earth's near- 

The 
space environment. The program requires a wide variety of satellites in orbits extending from the very 
lowest reaches of the upper atmosphere, to the interplanetary medium beyond the Earth's magnetosphere. 
Solar Terrestrial program is in a transition from the early discovery and mapping phase conducted over the 
past decade to a phase in which specific problems will be investigated in more depth, frequently using 
simultaneous multipoint measurements. 
Explorer (SME), the Dynamics Explorer (DE) and the San Marco-D missions. The SME is designed to investigate 
the stability of the Earth's ozone layer with emphasis on determining the response of ozone to changes in 
the solar ultraviolet flux. DE will provide data on the strong interactive processes coupling the hot con- 
vecting plasmas of the magnetosphere and the cooler plasmas and gases of the Earth's ionosphere and upper 
atmosphere. The San Marco-D, cooperative missions with Italy, will conduct a group of experiments to 
study the relationship between solar activity and Earth meteorological phenomena. Definition studies for 
several missions are underway, including the Active Magnetospheric Particle Tracer Explorer (AMPTE), a 
cooperative program with the Federal Republic of Germany, with development activity planned in FY 1981. 

Efforts underway include development activity for the Solar Mesosphere 

Astrophysics Explorers have been instrumental in conducting the first astronomical sky surveys in 
the gamma ray, X-ray, ultraviolet, and infrared and low frequency radio regions of the electromagnetic 
spectrum. Major efforts underway include continuation of hardware and subsystems procurement and experi- 
ment fabrication for the Infrared Astronomical Satellite (IRAS); continuation of development work for the 
Cosmic Ray Isotope Experiment (CRIE), a cooperative program with DOD in which NASA will provide a scientific 
instrument for flight on an Air Force spacecraft; and future mission definition studies including the 
Cosmic Background Explorer (COBE), the Extreme Ultraviolet Explorer (EWE), and the X-ray Timing Explorer 
(XTE). 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The increase in FY 1980 funding requirements is the result of technical problems encountered in the 
development of spacecraft and instruments in ongoing projects. In particular, the Infrared Astronomical 
Satellite has experienced a number of technical difficulties which have resulted in increased costs, 
including cryogenic system fabrication, mirror polishing, and focal plane detector systems development. 

BASIS OF FY 1981 ESTIMATE: 

FY 1981 funding will provide for completion of development activity, launch, and initial orbital operations 
for the IRAS, SME, DE, and San Marco-D/L missions; completion of development work on CRIE for launch on an 
Air Force spacecraft; initial development activity for the AMPTE mission; and design and definition studies 
for future Explorers including the COBE, EWE, XTE, and Solar Corona Explorer (SCE) missions. 
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BASIS OF FY 1981 FUNDING REQUIREMENTS: 

MISSION OPERATIONS AND DATA ANALYSIS 

High energy astronomy obse rva to ry  (HEAO) b a s i c  mission....... 
HEAO extended mission........................................ 
So l a r  maximum miss ion  (SMM) b a s i c  mission.................... 
SMM extended mission.......................................... 

Explorers  .................................................... 
Orb i t i ng  as t ronomica l  observatory............................ 
Orb i t i ng  s o l a r  obse rva to ry  (OSO). ............................ 
Space t e l e s c o p e  (ST)............................. ............ 

1980 
1979 Budget Current  

Actual  Es t imate  Es t imate  
(Thou sands of Dol 1 a r  s ) 

5,439 
3,714 --- 

--- 
12,350 
2,450 
1,500 

Total...................................................... 25,453 

5,351 
8,549 
4,900 

1 , 800 
13 , 000 
2,900 

--- 

36,500 

6,336 
8,548 
4,500 

1 , 800 
13,707 
2,209 

--- 

--- 
37.100 

1981 
Budget 

E s  t ima t e 

128 
10,606 
3 , 400 
1 , 600 
6,700 
14,783 
1 , 683 --- 

38,900 

OBJECTIVES AND STATUS: 

The purpose of t h e  e f f o r t  i s  t o  conduct o p e r a t i o n s  and t o  ana lyze  d a t a  from t h e  Phys ics  and Astronomy 
Th i s  program a l s o  suppor t s  t h e  continued o p e r a t i o n s  of a number of s p a c e c r a f t  s a t e l l i t e s  a f t e r  launch. 

a f t e r  t h e i r  o r i g i n a l l y  planned o b j e c t i v e s  have been achieved f o r  purposes  of conducting s p e c i f i c  i n v e s t i g a-  
t i o n s  t h a t  have cont inuing  h igh  s c i e n t i f i c  s i g n i f i c a n c e .  

The f i r s t  two High Energy Obse rva to r i e s  (HEAO-1 and -2) have provided new and complementary d a t a  on a wide 
v a r i e t y  of cosmic X-ray sources.  
sky w i t h  unprecedented s e n s i t i v i t y  and r e e n t e r e d  t h e  atmosphere i n  March 1979. 
were t h e  d i scove ry  of more t han  one thousand new sources;  t h e  de t e rmina t ion  of p r e c i s e  l o c a t i o n s  of many 
sou rces  a l lowing o p t i c a l  i d e n t i f i c a t i o n s ;  t h e  es tab l i shment  of whole new c l a s s e s  of X-ray emi t t i ng  o b j e c t s ;  
t h e  d e t e c t i o n  of l i n e  emission from hot ,  h igh ly  ion i zed  i r o n  i n  neut ron  s t a r  b i n a r i e s ,  supernova remnants, 
ac t ive  g a l a x i e s ,  and c l u s t e r s  of g a l a x i e s ;  t h e  d i scove ry  of t h e  u b i q u i t y  of X-ray emission by normal s t a r s ;  
and t h e  measurement of t h e  spectrum of t h e  d i f f u s e  X-ray sky background which i s  sugges t ive  of an o r i g i n  i n  
a hot ,  tenuous g a s  a t  a tempera ture  of 400 m i l l i o n  degrees  Kelvin. 

HEAO-1 completed a h igh ly  s u c c e s s f u l  mi s s ion  of mapping t h e  e n t i r e  X-ray 
Among t h e  primary r e s u l t s  

HEAO-2 completed i t s  f i r s t  y e a r  of ope ra t ion  i n  November 1979, and has y i e lded  a ser ies  of impress ive  
r e s u l t s .  For example, HEAO-2 has  confirmed t h e  s t e l l a r  X-ray emission d e t e c t e d  by HEAO-1 and demonstrated 
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t h a t  a much wider  v a r i e t y  of s t a r s  e m i t  X-rays i n  g r e a t e r  q u a n t i t i e s  t han  p rev ious ly  p red ic t ed .  S imi l a r ly  
HEAO-2 obse rva t ions  of  supernova remnants have had a profound impact on t h e o r i e s  of t h e  supernova explos ion  
and t h e  neu t ron  s t a r  format ion  process .  Beyond our  own galaxy,  HEAO-2 has  mapped bo th  t h e  Milky Way's 
n e a r e s t  neighbor g a l a x i e s ,  as w e l l  as  t h e  most d i s t a n t  quasa r s  observed w i t h  o p t i c a l  t e l e scopes .  
f i r s t  y e a r  of ope ra t ion ,  n e a r l y  400 proposa l s  have been submit ted t o  u s e  t h e  HEAO-2 i n  a gues t  observer  mode. 
These p roposa l s  have come from over  80 r e s e a r c h  groups around t h e  world. 

During i t s  

HEAO-3 was launched i n  September 1979. A l l  i n s t rumen t s  a r e  r e t u r n i n g  e x c e l l e n t  s c i e n t i f i c  da ta .  The 
g a l a c t i c  p l ane  has been e x t e n s i v e l y  scanned wi th  t h e  gamma r a y  spec t rometer ,  and p re l imina ry  a n a l y s i s  of t h e  
d a t a  shows t h e  d e t e c t i o n  of l i n e  f e a t u r e s  from s e v e r a l  known sources.  The cosmic r a y  in s t rumen t s  have 
provided new informat ion  of t h e  d e t a i l e d  composit ion of cosmic r a y s  i n  t h e  i ron ,  n i c k e l ,  and c o b a l t  group. 

The So la r  Maximum Mission (SMM) i s  planned f o r  launch i n  t h e  f i r s t  q u a r t e r  of  1980. The SMM s p a c e c r a f t  
w i l l  make d e t a i l e d  obse rva t ions  of  t h e  s o l a r  f l a r e  p roces ses  dur ing  t h e  coming pe r iod  of maximum s o l a r  
a c t i v i t y ,  which i s  c u r r e n t l y  p r e d i c t e d  t o  be  20 t o  30% above t h e  130-year average  c y c l e  throughout  1980 and 
1981. The SMM w i l l  c a r r y  i n s t rumen t s  t o  permi t  d e t a i l e d  coherent  i n v e s t i g a t i o n s  of f l a r e- a c c e l e r a t e d  
e l e c t r o n s  and nucleons,  of f l a r e  plasmas over a wide range  of tempera tures ,  and of coronal  d i s t u r b a n c e s  
r e s u l t i n g  from f l a r e s .  I n  add i t i on ,  coordina ted  obse rva t ions  by t h e  SMM and t h e  c u r r e n t l y  o p e r a t i o n a l  
I n t e r n a t i o n a l  Sun-Earth Explorers  (ISEE) w i l l  permi t  s t u d i e s  of t h e  sou rce  of s p e c i f i c  s o l a r  wind d i s t u r b-  
ances  and t h e i r  e f f e c t  on t h e  Ea r th ' s  magnetosphere. 

I n  a d d i t i o n  t o  t h e  normal suppor t  r e q u i r e d  f o r  mi s s ion  ope ra t ions ,  t h e  Space Telescope program p r e s e n t s  
several unique  a s p e c t s  which must be  provided f o r  w e l l  i n  advance of launch. The Space Telescope i s  designed 
f o r  o p e r a t i o n  f o r  more t han  a decade, based on i n- o r b i t  maintenance, recovery,  re furb ishment ,  and r e l aunch  
and i n- o r b i t  changeout of t h e  s c i e n t i f i c  i n s t rumen t s  a t  t h e  f o c a l  plane.  During t h e  o p e r a t i o n a l  per iod ,  i t  
w i l l  b e  used p r i m a r i l y  by g e n e r a l  obse rve r s  scheduled on t h e  b a s i s  of p roposa l s  submit ted i n  response  t o  
p e r i o d i c  s o l i c i t a t i o n s .  NASA has determined t h a t  t h e  most e f f i c i e n t  and s c i e n t i f i c a l l y  s a t i s f a c t o r y  
approach t o  s c i e n c e  o p e r a t i o n s  w i l l  i nvo lve  e s t ab l i shmen t  of an independent  Science I n s t i t u t e  which w i l l  
o p e r a t e  under a long- term c o n t r a c t  w i t h  NASA. While NASA w i l l  r e t a i n  o p e r a t i o n a l  r e s p o n s i b i l t i i e s  f o r  t h e  
observa tory ,  t h e  I n s t i t u t e  w i l l  implement NASA p o l i c i e s  i n  t h e  a r e a s  of planning,  management, and schedul ing  
of t h e  s c i e n t i f i c  o p e r a t i o n s  of  t h e  t e l e scope .  

Severa l  Explorer  s p a c e c r a f t  remain o p e r a t i o n a l  and a r e  p rov id ing  v a l u a b l e  da ta .  The I n t e r n a t i o n a l  U l t r a-  
v i o l e t  Explorer  (IUE) and I n t e r n a t i o n a l  Sun-Earth Explorers  (ISEE) con t inue  t o  perform t h e i r  mi s s ions  w e l l ,  
w i t h  ve ry  p roduc t ive  g u e s t  i n v e s t i g a t o r  programs. The l a s t  Atmospheric Explorer  (AE-E), launched i n  1975, 
i s  s t i l l  func t ion ing  w e l l ,  and i s  p rov id ing  i n s i g h t  i n t o  thermospher ic  and atmospheric  v a r i a t i o n s  n o t  o the r-  
w i s e  ob ta inable .  For example, AE i s  provid ing  i n t e r e s t i n g  new d a t a  which seems t o  show s o l a r  u l t r a v i o l e t  
i n p u t  c o r r e l a t i n g  i n  a d i f f e r e n t  way w i t h  sunspot  a c t i v i t y  t han  i t  d i d  du r ing  t h e  l a s t  s o l a r  cycle.  The 
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I n t e r p l a n e t a r y  Monitoring Pla t forms con t inue  t o  p rov ide  d a t a  on s o l a r  wind, cosmic r a y s ,  and on t h e  E a r t h ' s  
geomagnetic t a i l  from l o c a t i o n s  needed t o  c o r r e l a t e  w i t h  s p a c e c r a f t  i n  o t h e r  l oca t ions .  

The Orb i t i ng  Astronomical Observatory (OAO-3), Copernicus, which was launched i n  1972, con t inues  t o  p rov ide  
a t h r e e- a x i s  s t a b i l i z e d  automated f a c i l i t y  f o r  observ ing  c e l e s t i a l  o b j e c t s  and i n t e r s t e l l a r  m a t e r i a l  i n  t h e  
X-ray and u l t r a v i o l e t  s p e c t r a l  ranges.  OAO-3 i s  t h e  only  c u r r e n t l y  o p e r a t i n g  s a t e l l i t e  capable  of  making 
s p e c t r o s c o p i c  obse rva t ions  i n  t h e  impor tan t  900-1,150 angstrom wavelength region.  During t h e  p a s t  seven 
y e a r s ,  new t echn iques  have been developed which have enhanced t h e  u s e f u l n e s s  of  OAO-3 by a l lowing t h e  
obse rva t ion  of o b j e c t s  s i x  t i m e s  f a i n t e r  t han  could be  observed when t h e  s a t e l l i t e  was f i r s t  launched. A s  
a r e s u l t ,  many new c l a s s e s  of o b j e c t s  have been s t u d i e d  by t h i s  observa tory .  
o p e r a t i o n  of  OAO-3 and t h e  a n a l y s i s  of d a t a  obtained.  The program has involved  over 160 i n v e s t i g a t o r s  
and 170 d i f f e r e n t  s c i e n t i f i c  p r o j e c t s .  During t h e  p a s t  yea r ,  however, t h e  f a r  u l t r a v i o l e t  d e t e c t o r s  aboard 
OAO-3 have s u f f e r e d  a r a p i d  deg rada t ion  due t o  i nc reased  leve ls  of s o l a r  a c t i v i t y .  This  deg rada t ion  l i m i t s  
t h e  s c i e n c e  t h a t  OAO-3 can perform and i t  has been decided t o  t e rmina te  t h e  mis s ion  i n  t h e  f a l l  of 1980. 
Th i s  w i l l  a l l ow s u f f i c i e n t  t i m e  f o r  an o r d e r l y  complet ion of t h e  h i g h e s t  p r i o r i t y  sc ience .  

FY 1980 funds  suppor t  t h e  

CHAUGES FROM FY 1980 BUDGET ESTIMATE: 

The FY 1980 changes r e f l e c t  (1) an i n c r e a s e  i n  t h e  mis s ion  o p e r a t i o n s  and d a t a  a n a l y s i s  phase of t h e  HEAO 
program i n  o rde r  t o  cover  i nc reased  c o s t  f o r  b a s e l i n e  ope ra t ions ;  
due t o  a de l ay  i n  t h e  launch da t e ;  
d e c i s i o n  t o  t e rmina te  o p e r a t i o n s  i n  November 1980; and ( 4 )  an i n c r e a s e  i n  t h e  mis s ion  o p e r a t i o n s  phase of 
t h e  Explorer  program i n  o rde r  t o  p rov ide  a d d i t i o n a l  suppor t  f o r  gues t  i n v e s t i g a t i o n s  on t h e  I U E  mission.  

( 2 )  a dec rease  i n  SMM o p e r a t i o n s  c o s t s  
( 3 )  a dec rease  i n  t h e  gues t  i n v e s t i g a t o r  program f o r  OAO-3 based on t h e  

BASIS OF FY 1981 ESTIMATE: 

FY 1981 funds w i l l  p rov ide  suppor t  f o r  t h e  cont inued  o p e r a t i o n s  of  t h e  HEAO-2 and HEAO-3 mi s s ions  and 
r e l a t e d  d a t a  a n a l y s i s  a c t i v i t y ;  t h e  o p e r a t i o n s  and d a t a  a n a l y s i s  a c t i v i t y  f o r  t h e  Dynamics Explorers-A 
and -B mi s s ions  scheduled f o r  launch i n  1981; d a t a  a n a l y s i s  a c t i v i t y  f o r  CRIE  scheduled f o r  launch on an 
A i r  Force  s p a c e c r a f t  i n  1981; ex t ens ion  of o p e r a t i o n s  and d a t a  a n a l y s i s  a c t i v i t y  f o r  IUE, ISEE-A, -B, and 
-C, and AE-E; and suppor t  f o r  continued a n a l y s i s  of t h e  ex t ens ive  a r c h i v e  of d a t a  obta ined  by OAO-3 and 
t h e  Small Astronomy S a t e l l i t e  (SAS) C mission.  FY 1981 funding w i l l  a l s o  suppor t  t h e  o p e r a t i o n s  and d a t a  
a n a l y s i s  a c t i v i t i e s  of t h e  Solar  Maximum Mission (SMM) a s  w e l l  a s  t h e  c o n t i n u a t i o n  of p r e p a r a t i o n s  of 
s c i e n c e  o p e r a t i o n s  f o r  t h e  Space Telescope, i nc lud ing  t h e  i n i t i a t i o n  of a Space Telescope Science I n s t i t u t e .  
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BASIS OF FY 1981 FUNDING REQUIREMENTS: 

RESEARCH AND ANALYSIS 

1980 1981 
1979 Budget Current Budget Page 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Supporting research and technology (SR&T).................... 19,776 21,500 21,500 24,900 RD 4-27 
Spacelab science payload definition.......................... 2,968 3,200 3 , 000 6,100 RD 4-28 
Advanced technological development........................... 200 2,500 2,500 2,700 RD 4-28 
Data analysis........................................ 8,624 7,100 7,100 9,100 RD 4- 29 ........ 
Upper atmospheric research................................... 12,437 --- --- --- 

Total...................................................... 44.005 34,300 34.100 42,800 

OBJECTIVES AND STATUS: 

This program provides for the research and technological base necessary to plan and support flight projects. 
Preliminary studies to define missions and/or payload requirements are carried out, as are theoretical and 
ground-based supporting research, and Advanced Technological Development (ATD). Activities included are 
Supporting Research and Technology (SR&T), Spacelab Science Payload Definition, ATD, and Data Analysis. 
Beginning in FY 1980, the Upper Atmospheric Research program and direct supporting activities were included 
in the Space Applications program. 

SupportinP Research and Technology (SR&T) 

The objectives of Supporting Research and Technology are: (1) to enhance the value of current space 

( 3 )  to optimize the 
missions by carrying out complementary and supplementary ground-based observations and laboratory experi- 
ments; ( 2 )  to develop theories to explain observed phenomena and predict new ones; 
return expected from future missions by problem definition, development of advanced instrumentation and 
concepts, and sound definition of proposed new missionsiand ( 4 )  to strengthen the technological base for 
sensor and instrumentation development and to conduct basic research necessary to support our understanding 
of Astrophysics and Solar Terrestrial relationships. 

Research is supported in several disciplines of space physics and astronomy. The work in space physics is 
largely devoted to tasks related to the physics of the Earth's environment and comparative studies of other 
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planetary environments, including the study of Sun-Earth environmental factors. The work in solar physics 
involves studies of the solar atmosphere and the influence of the Sun on interplanetary and planetary 
environments. Research supported in astrophysics involves studies of stars, galaxies, interstellar and 
intergalactic matter and cosmic rays. The development of new instruments, laboratory and theoretical studies 
of basic physical processes, and observations by ground-based and balloon-borne instruments are also 
supported. 

A major activity in SR&T is the Solar Terrestrial Theory program which is designed to provide for 
theoretical investigations of the predominately plasma physical processes important to solar physics and the 
solar terrestrial environment. 
ment of scientific investigations of solar system plasmas and for this to play a vital role in the planning 
of future space missions and research efforts. 

The intent of the program is to enhance and assure the systematic develop- 

The SR&T program funds tasks at universities, nonprofit and industrial research institutions, NASA Centers, 
and other government agencies. Current emphasis is being placed on studies for advanced instrumentation 
which will increase both the sensitivity and resolution of detectors. Feasibility and scientific definition 
studies are being conducted on several potential candidate future missions, including the Gravity Probe-B 
which will carry out an experimental test of Einstein's General Theory of Relativity in which measurements 
would be obtained of the relativistic precession of an extremely stable, cryogenic gyroscope in Earth's 
orbit. Scientific definition will also be started for the Cosmic Ray Observatory (CRO), a mission which 
will carry large cosmic ray instruments to measure particles of very high energy and low flux. 

Spacelab Science Payload Definition 

Spacelab Science Payload studies have provided the data necessary to establish a sound foundation for the 
Physics and Astronomy experiments to be conducted on Shuttle/Spacelab missions. The initial studies con- 
centrated on establishing the feasibility of performing discipline-dedicated missions and multidisciplinary 
missions employing both facility-class and principal investigator-class instrumentation. The studies have 
identified the benefits which can be realized by reflying instruments and facilities. Instruments selected 
for study were those identified as having both complementary and evolutionary scientific uses. By planning 
to reuse and evolve instrument capabilities and to use instruments together as ensembles when they become 
available, a forceful and efficient research strategy for Spacelab use has evolved. 

Multiuser Class Instruments ( M U I ' s )  now being defined include: the Shuttle Infrared Telescope Facility 
(SIRTF), a cryogenically cooled telescope which will carry out high sensitivity infrared observations, 
the Solar Soft X-Ray Telescope, the Tethered Satellite System, and the Shuttle Ultraviolet/Optical Telescope 
(STARLAB), a meter-class W/optical facility which will be used for high angular resolution imaging investi- 
gations of sources that have too great an angular extent to be observed efficiently with the Space Telescope. 
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During FY 1980, further payload definition involving detailed description of instruments, payload con- 
figurations and operational missions will continue. 

Advanced Technological Development 

The Advanced Technological Development (ATD) activities support detailed planning and definition of new 
Physics and Astronomy missions. ATD activities assure that advanced missions address the scientific 
questions most important to the evolution of knowledge in the field, and that those missions use the 
appropriate technology and techniques available. 
design of subsystems and elements critical to eventual mission development in order that technical readi- 
ness and resources may be betrer known before the missions are proposed €or implemeptation. 

Neighborhood (OPEN), the Advanced X-ray Astrophysics Facility ( A X A F ) ,  the Solar Probe, and the Solar Internal 
Dynamics Mission (SIDM). The OPEN project will study systematically the origin, storage, transport and l o s s  
of plasmas in the Earth's environment from input by the solar wind and ionosphere to l o s s  in the atmosphere. 
The mission will assess the importance to the terrestrial environment of variations in energy input to the 
Earth's atmosphere caused by geospace processes. The AXAF will study stellar structure and evolution, 
active galaxies, clusters of galaxies and cosmology. 
planned to have a sensitivity approximately20 times that of HEAO-2. 
detailed scientific observations of the Sun from a high elliptical orbit whose aphelion takes it to within 
four solar radii of the Sun's surface. The Solar Internal Dynamics Mission (SIDM) will investigate the 
oscillations visible on the Sun and use the data obtained to study the dynamic state of the Sun's interior. 
During FY 1980, major emphasis is being given to definition of the GROmission in preparation for FY 1981  
development activity and to preliminary feasibility studies on the OPEN mission. 

Funding is applied to the definition and preliminary 

Candidate missions for the 1980's that require ATD activities include the Origin of Plasmas in Earth's 

The AXAF 1.2 meter class imaging X-ray telescope is 
The Solar Probe Mission will perform 

Data Analysis 

The acquisition, analysis and evaluation of data represents the primary purpose of our laboratory, balloon, 
rocket and spacecraft activities. While a considerable mount of analysis is done during the prime project 
phase, experience has shown that considerably more time is generally required to reap the f u l l  benefit from 
these programs. More specifically, it is the time when the data may be correlated with other projects, when 
detailed cause-and-effect studies are made with data sets from other sources, when very long-term (solar 
cycle) effects can be studied using complementary sets of data, and when many new ideas can be tested that 
originate from the results of the initial analysis. 

For example, long-term observations of the X-ray source Vela X-1 provided important constraints on the 
internal structure of neutron stars. Thus, additional data is processed and analyzed, multi-instrument 
studies are made, and various proposed models or theories are critically tested by use of the data. 
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Support of the operation of the National Space Science Data Center (NSSDC) is also provided under this 
The NSSDC, located at the Goddard Space Flight Center (GSFC), was established to serve as a program. 

central repository and clearing house for scientific data resulting from space investigations. The NSSDC 
is now in a stage of transition from a repository to a facility where correlative research can be accom- 
plished using data sets from many sources, including active spacecraft. The Satellite Situation Center at 
NSSDC computes the expected positions of operational spacecraft, so that data acquisition and analysis 
efforts can be concentrated at times when several spacecraft are especially favorably situated for correla- 
tive geophysical studies. 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The reduction of $200 thousand in the FY 1980 estimate results from a slight adjustment in activity 
associated with payload planning under the revised Shuttle flight schedule. 

BASIS OF FY 1981 ESTIMATE: 

1980 1981 
1979 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

24,900 Supporting research and technology........................... 19,776 21,500 21,500 

During FY 1981, the Supporting Research and Technology program will support those tasks which contribute 
to maintaining a firm base for a viable Physics and Astronomy program. Emphasis will be placed on infrared 
detector development and on expansion of technology activities related to large X-ray mirrors and advanced 
X-ray detectors and instrumentation. Feasibility and scientific definition studies will be conducted on 
several potential candidate missions for future years, including Gravity Probe-B. Emphasis will also be 
placed on the development of a large area electrographic camera for astronomical use, and on the continued 
development of large array multichannel plate and intensified charge coupled imagery devices. 

In the area of Solar Physics, activities will support the Solar Maximum Mission through both ground-based 
observations and theoretical studies of high energy phenomena. New thrusts will be initiated concerning the 
development of advanced generation instruments, especially for the extreme ultraviolet and X-ray wavelengths, 
and for analyzing the internal structure and dynamics of the solar interior. New thrusts will also be 
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established in the area of Atmospheric Electrodynamics. In the area of Theoretical Studies, investigations 
will be carried out by concentrated groups of theorists in the fields of solar, interplanetary,magnetospheric, 
ionospheric and atmospheric physics in a coordinated program aimed at the understanding of the detailed 
behavior of each of these components of the solar terrestrial relationship and their interrelationships. 

BASIS OF FY 1981 ESTIMATE: 

1980 1981 
1979 Budget Current Budget - - 

Actual Estimate Estimate Estimate 
(Thousands of Dollars ) 

Spacelab science payload definition.......................... 2,968 3,200 3,000 6,100 

In FY 1981, further definition of new concepts, as well as those presently under study, will be performed. 
The studies will provide descriptions of instruments and facilities,payload configurations and operational 
mission profiles. In addition, concepts and methods of extending time in orbit beyond the present Spacelab 
capability are being studied and evaluated. The detailed scientific definition of those facility instru- 
ments that are strong candidates for hardware development in the early 1980's will also be carried out in 
FY 1981. In the area of Spacelab Mission Integration, activities will be undertaken to identify user re- 
quirements and define interfaces for investigations which have yet to be assigned to a specific mission. 
New ways to reduce Spacelab mission integration costs as well as to permit Spacelab missions to be respon- 
sive to user demands will be pursued. 
concept will continue. 

Definition studies on the requirements and uses of the Space Platform 

BASIS OF FY 1981 ESTIMATE: 

Advanced Technological Development (ATD). .................... 200 2 , 500 2,500 2,700 

FY 1981 funding will provide for continuation of studies and definition of future missions planned for the 
1980's. The Fy 1981 funding will allow for further system definition studies, and instrument definition for 
investigations selected in J?Y 1980 for the OPEN mission. In addition, funding will support studies on the 
Advanced X-Ray Astrophysics Facility (AXAF'), the Solar Probe, and the Solar Internal Dynamics Mission (SIDM). 
Within the FY 1981 funding, contractor definition studies will be accomplished to assure the technological 
and scientific readiness of the candidate future missions. 
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BASIS OF FY 1981 ESTIMATE: 

1980 1981 
1979  Budget Current  Budget 

Actual  Es t imate  Est imate  Estimate 
(Thousands of Dol 1 a r  s ) 

Data Analysis.................ee~o........................~eo 8,624 7,100 7,100 9,100 

Finphasis i n  t h e  Data Analys is  p r o j e c t ,  t o  be c a r r i e d  ou t  a t  u n i v e r s i t i e s  and government r e s e a r c h  Centers,  
w i l l  be  p laced on c o r r e l a t i v e  s t u d i e s  invo lv ing  d a t a  acquired  from s e v e r a l  sources  ( s p a c e c r a f t ,  ba l loons ,  
sounding r o c k e t s ,  r e s e a r c h  a i r c r a f t ,  and ground o b s e r v a t o r i e s ) .  Severa l  workshops w i l l  be held  dur ing  
FY 1981 devoted t o  s p e c i f i c  p h y s i c a l  problems (e.g., p r e f l a r e  s t o r a g e  of energy).  FY 1981 funds w i l l  a l s o  
suppor t  t h e  o p e r a t i o n s  of t h e  National  Space Science Data Center. 

BASIS OF J?Y 1981 FUNDING REQUIREMENTS: 

SUBORBITAL PROGRAMS Page 
No. 

Sounding rockets............................................. 21,307 21,700 21,700 25,000 RD 4-29 
Airborne research............................................ 4,600 4,000 4,000 4,500 RD 4- 31  
Balloon program.............................................. 2,300 1,200 1,200 1,400 RD 4-32 

Total...................................................... 28,207 26,900 26,900 30,900 

Sounding r o c k e t s . . . . . . . . .  .................................... 21,307 21,700 21,700 25,000 

OBJECTIVES AND STATUS: 

The Sounding Rocket program prov ides  v e r s a t i l e ,  r e l a t i v e l y  low c o s t  r e s e a r c h  t o o l s  t h a t  complement t h e  
c a p a b i l i t i e s  of ba l loons ,  a i r c r a f t ,  f r e e- f l y i n g  s p a c e c r a f t  and t h e  Space S h u t t l e  i n  a l l  t h e  space  s c i e n c e  
d i s c i p l i n e s ,  inc lud ing  t h e  s tudy of t h e  Ear th ' s  ionosphere  and magnetosphere, space plasma physics ,  s t e l l a r  
astronomy, s o l a r  astronomy, and high energy as t rophys ics .  A c t i v i t i e s  a r e  conducted on bo th  a domest ic  and 
an i n t e r n a t i o n a l  coopera t ive  b a s i s .  The c u r r e n t  l e v e l  of a c t i v i t y  i s  about 60 r o c k e t  f l i g h t s  per  year.  

The s p e c i f i c  o b j e c t i v e s  of t h e  Sounding Rocket program a r e  a s  fo l lows:  

1. To conduct a coordinated  r e s e a r c h  program w i t h  f l i g h t  requirements  t h a t  cannot be met by v e h i c l e s  
w i t h  d i f f e r e n t  performance c h a r a c t e r i s t i c s .  
a l t i t u d e  measurements (between ba l loon  and s p a c e c r a f t  a l t i t u d e )  and f o r  measuring v e r t i c a l  v a r i a t i o n s  of 
many a tmospher ic  parameters  . 

Sounding Rockets a r e  un ique ly  s u i t e d  f o r  performing low 
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Specific areas of study include: 

a. The nature, characteristics, and composition of the magnetosphere and near space. 

b. The effects of incoming energetic particles and solar radiation on the magnetosphere, including 
the production of aurorae and the coupling of energy into the atmosphere. 

c. The nature, characteristics, and spectra of radiation of the Sun, stars, and other celestial 
objects. 

2. To support the basic objectives of the Physics and Astronomy program by providing the means for flight 
testing instruments and experiments being developed for later flight on satellites, Shuttle/Spacelab and 
space probes; and for calibrating or obtaining vertical profiles in concert with current orbiting spacecraft. 

In 1979, 56 rockets were launched from eight locations in the United States, Canada, Sweden, Norway and 
Antarctica. These rockets supported the research activities of about 50 groups from universities, private 
industry, NASA field centers, other government agencies and foreign space organizations. 

During the February 1979 solar eclipse over the northwestern United States and western Canada, seven 
launches were made from western Ontario, Canada, in support of Plasma Physics and Upper Atmospheric studies. 
A similar expedition is planned to support Plasma Physics and Solar Physics studies during the solar eclipse 
over East Africa in February 1980. Also, in support of Solar Terrestrial studies in FY 1980, chemical re- 
lease experiments will continue to be launched on sounding rockets to measure winds, wind shears, tempera- 
tures, plasma motions, and electric fields. 

In the astronomy and high energy astrophysics disciplines, continuing emphasis is being placed on 
development of instruments for studies of stars and extended sources in the ultraviolet (W) and 
X-ray spectral regions. Of special interest during 1979 were several flights of an ultraviolet imaging 
telescope. 
ultraviolet. 
targets for the Space Telescope. During FY 1980, the first flight of an extreme ultraviolet spectrograph 
is planned. 

The instrument obtained high quality photographs of nearby galaxies in both the far and mid- 
These data help delineate hot young objects in these galaxies and will provide important new 

BASIS OF FY 1981 ESTIMATE: 

FY 1981 funds will provide for continuation of most of the efforts described above. Emphasis will be 
given to initiation of a concept called Experiments of Opportunity Payloads (EOP) which would make the 
capabilities of the Shuttle available to sounding rocket experimenters and potentially increase scientific 
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d a t a  a c q u i s i t i o n  p e r i o d s  from t h e  p r e s e n t  f i v e  minutes  p e r  f l i g h t  up t o  24 hours. The EOP concept c a l l s  f o r  
sounding rocke t  payloads,  technology,  and hardware t o  be launched by t h e  S h u t t l e  i n t o  a c loseby o r b i t ,  
o p e r a t e  i n  a f r e e - f l y e r  mode f o r  up t o  24 hours  and then  be r e t r i e v e d  and r e t u r n e d  by t h e  Shu t t l e .  Payloads 
w i l l  be flown on a space a v a i l a b l e  b a s i s  and have minimum i n t e r f a c e  w i t h  t h e  Shu t t l e .  An EOP development 
t e s t  f l i g h t  i s  planned i n  t h e  1981-1982 t i m e  frame t o  provide  a b a s i s  f o r  eva lua t ing  t h e  f e a s i b i l i t y  of t h e  
concept.  Other e f f o r t s  planned i n  FY 1981 inc lude:  ( 1 )  t h e  f i r s t  f l i g h t  of an extremely h igh  r e s o l u t i o n ,  
f a r  u l t r a v i o l e t  spec t rograph,  which w i l l  p rov ide  a t e s t  of microchannel  p l a t e s  a s  space d e t e c t o r s  and 
(2 )  t h e  f i r s t  t e s t  of new low c o s t  technique  us ing  coa ted  aluminum s h e e t s  f o r  focus ing  X-rays. 

1980 1981 
1979 Budget Current  Budget 

Actual Est imate Es t imate  Es t imate  
(Thousands of D o l l a r s )  

Airborne research............................................. 4,600 4,000 4,000 4,500 

OBJECTIVES AND STATUS: 

Research w i t h  i n s t  
and Astronomy s i n c e  
tending  obse rva t ions  
a l t i t u d e ' n e a r  15 km 

rumented j e t  a i r c r a f t  has been an i n t e g r a l  p a r t  of t h e  o v e r a l l  NASA program i n  Phys ics  
1965. The a i r c r a f t  p l a t fo rm p rov ides  a l a r g e  payload capac i ty  and f a c i l i t i e s  f o r  ex- 
over  any r eg ion  of  t h e  Earth. It a l s o  may be  t r a n s p o r t e d  r e a d i l y  t o  h igh  o p e r a t i o n a l  

(50,000 f e e t )  i n  o rde r  t o  provide  a c loud- f ree  s i t e  f o r  a u r o r a l  geophysics experiments  
and as t ronomica l  observa t ions .  The p o s s i b i l i t y  of conducting obse rva t ions  a t  t h i s  c loud- free  a l t i t u d e  has 

spectrum from one micro- 
i ng  s c i e n t i s t s  t o  p a r t i c i -  

- 

been e s s e n t i a l  i n  opening t o  astronomy t h e  i n f r a r e d  r eg ion  of t h e  e l ec t romagne t i c  
meter t o  one m i l l i m e t e r .  The a i r b o r n e  p l a t fo rm has t h e  f u r t h e r  advantage of enab 
p a t e  d i r e c t l y  i n  space r e sea rch .  

The Airborne Research program has u t i l i z e d  two a i r c r a f t ,  t h e  C-141 ins t rumented  wi th  t h e  91-cm i n f r a r e d  
(IR) t e l e s c o p e  and t h e  Lear J e t  ins t rumented  f o r  unique i n d i v i d u a l  miss ions .  The C- 141A "Kuiper Airborne 
Observatory", which began o p e r a t i o n a l  f l i g h t s  i n  1974, i s  a f u l l - s c a l e ,  manned f a c i l i t y .  The 91-cm f/13.5 
i n f r a r e d  t e l e s c o p e  o p e r a t e s  through an open p o r t ,  w i th  a p r e s s u r e  bulkhead g iv ing  t h e  astronomers a com- 
f o r t a b l e ,  s h i r t - s l e e v e  environment i n  which t o  work. The t e l e s c o p e  f l o a t s  on a l a r g e  a i r  bea r ing  t h a t  
pe rmi t s  hours  of  a c c u r a t e  s t a b i l i z a t i o n  w i t h i n  a few a r c  seconds. The weight  of t h i s  observa tory  i s  about  
16 t o n s  (14.5 m e t r i c  t ons ) .  

During t h e  p a s t  year ,  suppor t  was provided f o r  t h e  February 1979 So la r  Ec l ip se  over  t h e  nor thwestern  
United S t a t e s  and Canada, and f o r  an  exped i t i on  t o  lower l a t i t u d e s  t o  observe  t h e  G a l a c t i c  Center.  I n  
a d d i t i o n ,  a scheduled a i r f r a m e  i n s p e c t i o n  was accomplished on t h e  C- 141A. During FY 1980, suppor t  w i l l  
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be provided for four airborne expeditions to areas in the Pacific to identify infrared sources not readily 
observable from the continental United States. Of special interest is the support planned for simulated 
Shuttle re-entry using an SR-71 aircraft (Project IRIS, Infrared Imagery Simulation). The main thrust of 
the FY 1980 program will be continued exploration of star forming regions as well as the development of 
more sensitive instrumentation for both photometry and spectroscopy. 

BASIS OF FY 1981 ESTIMATE: 

In FY 1981, airborne research funds will be used to continue operations of the Airborne Observatory and 
the Lear Jet, to provide support for astronomical groups, and to continue the development of improved in- 
strumentation for conducting infrared astronomy. 

1979 Budget Current Budget - - 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Balloon program................................................ 2,300 1,200 1 , 200 1 , 400 

OBJECTIVES AND STATUS: 

For the development of scientific experiments for space flight and for independent scientific missions, it 
is necessary to test the instrumentation in the space radiation environment and to make observations at 
altitudes which are above most of the obscuring effects of the atmosphere, particularly for observations in 
infrared and cosmic ray astronomy. In many instances, it is less expensive to fly these experiments on 
balloons. The funding for this program is utilized for balloons, helium, launch services, tracking and 
recovery, while funding for the experiments is provided from the Supporting Research and Technology program. 

During 1979, 21 balloons were flown from five global sites to support the research activities of approxi- 
mately 1 9  organizations. Of special interest was the successful resolution of problems affecting heavy- 
lift balloons, and a resumption of flights in the spring of 1979. One of these flights, carrying a 5,000- 
pound package of ultrasensitive instruments, has detected a stream of antimatter from interstellar space-- 
the first such matter ever found outside a terrestrial laboratory. In the Infrared Astronomy area, about 
40 percent of the galactic plane was surveyed resulting in the discovery of many new infrared sources. 

FY 1980 funding provides support for about 20 flights including an expedition to Hawaii for carrying 
out scientific research in High Energy Astrophysics. In Infrared Astronomy, the survey of the galactic 
plane will be continued, which will provide additional information on the rate of star formation in our 
Milky Way system. 
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BASIS OF FY 1981 ESTIMATE: 

The FY 1981 funding p rov ides  f o r  con t inua t ion  of  t h e  Balloon program w i t h  approximately t h e  same number of 
f l i g h t s  a s  i n  N 1980. 
w i l l  be t e s t e d  i n  FY 1981 p r i o r  t o  being inco rpo ra t ed  i n t o  Spacelab. 
be on con t inu ing  t h e  survey of t h e  g a l a c t i c  p l ane  and us ing  new t echn iques  t o  b e t t e r  unders tand  how s t a r s  
a r e  formed p r i o r  t o  des igning  in s t rumen t s  f o r  Spacelab. 

New t echn iques  f o r  unders tanding  h igh  energy nuc lea r  i n t e r a c t i o n s  u s ing  cosmic r a y s  
I n  I n f r a r e d  Astronomy, emphasis w i l l  
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RESEARCH AND DEVELOPMENT 
FISCAL YEAR 1981 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF SPACE SCIENCE PLANETARY EXPLORATION PROGRAM 

SUMMARY OF RESOURCES REQUIREMENTS 

19 80 
Budget Current  

Actual  Es t imate  Est imate  
(Thousands of D o l l a r s )  

1979 

G a l i l e o  Development ..................................... 78,700 116,100 116,100 
Mission Operat ions  and Data Ana lys i s  ................... 59 , 300 59 , 000 58,800 
Research and Ana lys i s  ................................... 44 , 400 45,100 45 , 000 

TOTAL. ................................................ 182.400 220,200 2 19.900 

DISTRIBUTION OF PROGRAM AMOUNT BY INSTALLATION: 

Johnson Space Center .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4,115 6,380 6,012 
Marshal l  Space F l i g h t  Center .  ........................... 824 10 45 
Goddard Space F l i g h t  Center  ............................. 3,749 3,830 3,757 

............................... 140 , 067 
A m e s  Research Center  .................................... 40,841 44,520 30,953 
Langley Research Center  ................................. 
Headauar ters  ............................................ 24,972 29 , 130 39 , 059 

Jet Propuls ion Laboratory  107,899 136,330 

7 --- - --  

TOTAL ................................................. 182,400 220.200 2 19.900 

1981 
Bud ge t Page 

Est imate  No. 

63,100 RD 5-5 
64,800 RD 5- 8  
51,700 RD 5-10 

179.600 

5 , 990 
75 

3 , 780 
101,877 
28,340 

39,538 

- - -  

179.600 
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O F F I C E  OF SPACE SCIENCE 

PROJECT 

Ga 1 i 1 eo : 

- Probe 
- O r b i t e r  

RESEARCH AND DEVELOPMENT 
F I S C A L  YEAR 1981 ESTIMATES 

LAUNCH SCHEDULE 

M I S S I O N  

Ga 1 i 1 eo  : 

- Probe 
- O r b i t e r  

PLANETARY EXPLORATION PROGRAM 

CALENDAR YEAR 

1984 
1984 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1981 ESTIMATES 

OFFICE OF SPACE SCIENCE PLINETARY EXPLORATION PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The Planetary Program includes the scientific exploration of the planets, their satellites, the comets and 
The program objectives are to understand the origin and evolution asteroids, and the interplanetary medium. 

of the solar system, to better understand the Earth through comparative studies with the other planets, and 
to understand how the appearance of life in the solar system is related to the chemical history of the system. 
The projects undertaken have been highly successful. 
phasis on'the terrestrial-like inner planets, the giant gaseous outer planets, and the small bodies (comets 
and asteroids). Missions to these planetary bodies start at the level of  reconnaissance and exploration, 
to achieve the most fundamental characterization of the bodies, and proceed to a level of detailed study. 
The reconnaissance phase of inner planet exploration began in the 1 9 6 0 ' ~ ~  and has now been completed. Mars 
has provided a program focus because of its potential as a site of biological activity and the Viking landings 
in 1976 carried the exploration of this planet forward to a new, high level of scientific and technological 
achievement, setting the stage for the next step of detailed study. Analyses of the moon rock samples returned 
by Apollo continue to be highly productive as new insights into the early history of the inner solar system are 
achieved and as our theoretical concepts are revised accordingly. The continuing Pioneer Venus mission is tak- 
ing the study of our nearest neighbor, and closest planetary analogue, beyond the reconnaissance stage to the 
point where we have made a basic characterization of the massive cloud-covered atmosphere of Venus. This char- 
acterization has also provided fundamental data about the formation of the planet. 
opacity of the atmosphere, information about the Venus surface character remains sparse so that one of the more 
pressing goals of the Planetary Program is to fill this data gap. 

The strategy that has been adopted calls for equal em- 

However, because of the 

The exploration of the giant outer planets began relatively recently with the Pioneer 10 and 11 flybys of 
Jupiter in 1973 and 1974. These simple reconnaissance spacecraft have returned excellent pathfinding data, 
contributing significantly to the success of  the history-making flybys of two Voyager spacecraft through the 
Jovian system in the spring and summer of 1979. 
moons constitutes a small analogue of  the Sun and planets. The Voyager spacecraft are now enroute to Saturn 
where encounters will take place in November 1980 and August 1981. 
planet occurred in September 1979 when Pioneer 11 reached Saturn after receiving a gravity-assist at Jupiter 
five years earlier. Numerous discoveries were made as a result of this encounter and it was demonstrated 

The Voyager data relating to Jupiter and its four largest 

The first close-up examination of that 
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t h a t  a s a f e ,  c l o s e  passage  by S a t u r n ' s  r i n g s  could be  made. Voyager 2 m u s t  t ake  a s i m i l a r  pa th  i f  i t  i s  t o  
proceed t o  Uranus f o r  a 1986 f lyby .  Pioneer 10 has  a l r e a d y  crossed t h e  o r b i t  of Uranus on i t s  way o u t  o f  the  
s o l a r  system and i s  p rov id ing  new in fo rmat ion  about a p rev ious ly  uncharted reg ion  of i n t e r p l a n e t a r y  space.  

The G a l i l e o  miss ion i s  a coopera t ive  e f f o r t  between t h e  United S t a t e s  and t h e  Federa l  Republic o f  Germany. 
This  miss ion,  which w i l l  be launched by t h e  Space Shut t le / IUS,  has  been rescheduled t o  e a r l y  1984 a f t e r  i t  
became c l e a r  t h a t  t h e  Shut t le / IUS could no t  launch G a l i l e o  i n  1982. 
chosen t o  make maximum progress  beyond t h e  Voyager f i n d i n g s  has  been s e l e c t e d .  The G a l i l e o  development 
e f f o r t  i s  proceeding on a schedule which w i l l  permit  e a r l y  1984 launches  o f  the  O r b i t e r  and Probe. FY 1981 
funds w i l l  be  used t o  cont inue  t h i s  development e f f o r t .  

A wide range o f  s c i e n c e  experiments,  

The pre-eminence o f  t h e  U.S. program of  p l a n e t a r y  e x p l o r a t i o n  has  been based on technology l e a d e r s h i p  and 
on a foundat ion o f  s t r o n g ,  coordinated  r e s e a r c h  and a n a l y s i s  programs. These programs ensure  t h a t  f u l l  
advantage i s  taken o f  t h e  s p a c e c r a f t  d a t a  and samples acquired  on completed and ongoing miss ions ,  and 
t h a t  t h e  necessa ry  r e s e a r c h  i s  performed t o  maximize t h e  r e t u r n  from ongoing and f u t u r e  miss ions .  Included 
i n  t h e  r e s e a r c h  and a n a l y s i s  programs a r e  da ta  a n a l y s i s ,  l u n a r  sample and m e t e o r i t e  a n a l y s i s ,  t e l e s c o p i c  
o b s e r v a t i o n s ,  t h e o r e t i c a l  and l a b o r a t o r y  s t u d i e s ,  and ins t rument  d e f i n i t i o n .  The h i g h e s t  s c i e n t i f i c  
s t andards  a r e  maintained i n  t h e s e  programs and both new and old  concepts  a r e  s u b j e c t  t o  i n t e n s e  s c r u t i n y .  
The programs a r e  a l s o  h i g h l y  i n t e r d i s c i p l i n a r y  wi th  a t t e n t i o n  paid t o  e s t a b l i s h i n g  c o o r d i n a t i o n  among 
v a r i o u s  r e s e a r c h  groups.  The r e s u l t s  o f  t h e  r e sea rch  a r e  widely and s w i f t l y  d isseminated.  The lunar  
sample a n a l y s i s  e f f o r t  i s  miss ion- or ien ted  and i s  coordinated  wi th  r e s e a r c h  e f f o r t s  i n  t h i s  a r e a  supported 
by t h e  Na t iona l  Science  Foundation.  A c l o s e  coup l ing  i s  maintained between the  resea rch  programs and the  
p lann ing  a c t i v i t i e s  t h a t  a r e  under taken t o  d e f i n e  t h e  s c i e n t i f i c  r a t i o n a l e  and technology needs f o r  f u t u r e  
miss ions .  

One impor tant  c l a s s  o f  s o l a r  system o b j e c t s ,  comets and a s t e r o i d s ,  has  a s  y e t  not  been sub jec ted  t o  
i n v e s t i g a t i o n  by s p a c e c r a f t  miss ions .  Comet rendezvous and f lyby  miss ions  a r e  being de f ined  a s  technology 
advances b r i n g  e x p l o r a t i o n  of t h e s e  smal l  bod ies  w i t h i n  our  g rasp .  Study o f  these  p r i m i t i v e  o b j e c t s  ho lds  
t h e  promise of a breakthrough i n  our  unders tanding of the  n a t u r e  of t h e  e a r l y  s o l a r  system. 
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BASIS OF N 1981 FUNDING REQUIREMENTS: 

GAL1 LE 0 DEVELOPMENT 

19 80 1981 
1979 Budget Current  Budget 

(Thousand s o f  D o l l a r s )  
Es t imate  Est imate  Est imate  Actual  

.............................................. Spacecra f t  54,083 83 , 260 90,875 42 , 184 

Ground o p e r a t i o n s  5,903 8,574 8,025 9,016 
............................................. Experiments 18,714 24,266 17,200 11,900 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
TOTAL . . . . . . . . . . . . . . . . . . . . .  ......................... 78,700 116.100 116.100 63,100 

................ ( 5 ,500 )  (10,400)  Space Transpor ta t ions  Systems Operat ions  (2 ,400)  (16 , 900)  

OBJECTIVES AND STATUS: 

The G a l i l e o  mission,  which w i l l  conduct d i r e c t  and long- dura t ion  s t u d i e s  of J u p i t e r ,  i s  a v i t a l  l i n k  i n  
p rov id ing  t h e  c o n t i n u i t y ,  ba lance  and o r d e r l y  p rogress ion  of our program of e x p l o r a t i o n  o f  t h e  s o l a r  system. 

The o b j e c t i v e s  o f  t h i s  program a r e  t o  conduct a comprehensive e x p l o r a t i o n  o f  J u p i t e r ,  i t s  atmosphere, 
magnetosphere and s a t e l l i t e s ,  u t i l i z i n g  a new deep space s p a c e c r a f t  concept which combines bo th  remote 
sens ing  and d i r e c t  measurements on an  o r b i t e r  s p a c e c r a f t  wi th  s e p a r a t e  atmospheric probe.  

The G a l i l e o  miss ion was o r i g i n a l l y  scheduled t o  be launched a s  a s i n g l e  s p a c e c r a f t  i n  January  1982, The 
b a s e l i n e  1982 miss ion p l a n  c a l l e d  f o r  the  G a l i l e o  o r b i t e r  t o  c a r r y  t h e  probe t o  J u p i t e r  and r e l a y  i t s  d a t a  
back t o  Ear th  be fo re  s t a r t i n g  a twenty-month o r b i t a l  t o u r .  During the  twenty-month t o u r ,  the  o r b i t e r  
would have e leven  encounters  wi th  t h e  h i g h l y  i n t e r e s t i n g  Ga l i l ean  s a t e l l i t e s .  The p r o j e c t  was planned 
t o  be completed i n  J u l y  of 1987. However, when i t  became c l e a r  t h a t  t h e  Space Shut t le / IUS could no t  provide  
t h e  performance r e q u i r e d  f o r  t h e  launch of  G a l i l e o  i n  1982, s e v e r a l  a l ternate  p l a n s  f o r  t h e  miss ion were 
reviewed. The most economical and e f f i c i e n t  a l t e r n a t i v e  f o r  t h e  G a l i l e o  miss ion i s  t o  u t i l i z e  s e p a r a t e  
Space S h u t t l e  launches  f o r  the  G a l i l e o  o r b i t e r  and probe,  and t o  s h i f t  t h e  launches t o  t h e  e a r l i e s t  
subseouent oppor tun i ty  t o  u t i l i z e  a Mars a s s i s t  on t h e  voyage o f  t h e  o r b i t e r  t o  J u p i t e r  i n  February and 
March 1984. G a l i l e o  i s  t h e  only  p l a n e t a r y  program s t i l l  under development and the  1984 miss ion  w i l l  
p r e s e r v e  t h e  s c i e n c e  con ten t  of  t h e  o r i g i n a l  miss ion a s  recommended by t h e  Nat ional  Academy of  Sciences  
(Space Science  Board) wi th  the  lowest  i n c r e a s e  i n  t o t a l  c o s t .  
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The r e s t r u c t u r e d  miss ion makes maximum use  of t h e  development e f f o r t  expended t o  d a t e .  The 1984 miss ion 
w i l l  r e s u l t  i n  a de lay  i n  sc ience  r e t u r n  of on ly  one year  a l though t h e  launch i s  delayed by two y e a r s .  Th i s  
i s  a r e s u l t  of  t h e  s h o r t e r  t r i p  time a v a i l a b l e  i n  t h e  1984 oppor tun i ty .  

Although 1984 i s  not  a s  f avorab le  a J u p i t e r  launch oppor tun i ty  a s  1982, t h e  Mars powered swingby makes it 
an e x c e l l e n t  o p p o r t u n i t y .  This  t r a j e c t o r y ,  which w i l l  be employed by t h e  G a l i l e o  1984 o r b i t e r  miss ion,  w i l l  
reduce the  performance requ i red  from the  S h u t t l e  and IUS. I n  o r d e r  t o  accomplish the  powered maneuver a t  
Mars, t h e  amount o f  f u e l  on board t h e  o r b i t e r  must be  doubled and t h e r e  must be  some r e d e s i g n  of t h e  p ropu l s ion  
system. I n  the  1984 c o n f i g u r a t i o n ,  over  60% of t h e  weight  of  t h e  o r b i t e r  i s  i n  the  p ropu l s ion  system; 
t h e r e f o r e ,  the  suppor t ing  s t r u c t u r e  must be s t r eng thened .  Those e l e c t r o n i c  subsystems and s t r u c t u r a l  elements 
of t h e  o r b i t e r  which were in tended s o l e l y  t o  suppor t  the  probe w i l l  be d e l e t e d .  Otherwise, the  o r b i t e r  need 
not  be changed. A l l  of t h e  des ign  and development e f f o r t  on sc ience  ins t ruments  and e l e c t r i c a l  subsystems is 
s t i l l  v a l i d .  The c u r r e n t  c o n t r a c t s  f o r  development o f  o r b i t e r  subsystems w i l l  remain i n  f o r c e .  Del ivery  
schedules  w i l l  be  s l ipped  t o  avoid t h e  use  o f  overt ime bu t  w i l l  remain t i g h t  t o  minimize c o s t s .  Because of 
t h e  i n c r e a s e  i n  t h e  s p a c e c r a f t  mass caused by t h e  a d d i t i o n a l  f u e l ,  mass margins a r e  s t i l l  t i g h t ,  bu t  
considered adequate .  

The probe need no t  be modified.  A l l  s c i ence  ins t ruments  can be r e t a i n e d .  The d e l i v e r y  schedule on p r e s e n t  
c o n t r a c t s  w i l l  be  ad jus ted  t o  ach ieve  t h e  most e f f i c i e n t  a p p l i c a t i o n  of funds.  

The launch o f  t h e  probe s e p a r a t e l y  from the  o r b i t e r  r e q u i r e s  the  development o f  a probe c a r r i e r  s p a c e c r a f t .  
For a p l a n e t a r y  s p a c e c r a f t ,  t h e  probe c a r r i e r  can  be of a r e l a t i v e l y  l i g h t  and simple des ign .  The demands on 
e l e c t r o n i c  subsystems a r e  no t  severe .  It w i l l  simply f l y  p a s t  J u p i t e r  and l eave  t h e  s o l a r  system a f t e r  
d e l i v e r i n g  t h e  probe.  Therefore ,  no l a r g e  p ropu l s ion  system i s  requ i red .  Because t h e  s p a c e c r a f t  i s  l i g h t  
w e  can u s e  a d i r e c t  t r a j e c t o r y  t o  J u p i t e r .  It may be  p o s s i b l e  t o  use ,  on t h e  probe c a r r i e r ,  some of t h e  
e l e c t r o n i c  subsystems designed t o  suppor t  t h e  probe which have been d e l e t e d  from t h e  o r b i t e r .  
t o  procure  t h e  probe c a r r i e r  through compe t i t ive  p roposa l s  from i n d u s t r y .  The c o s t  of  t h i s  s p a c e c r a f t  
should be  r e l a t i v e l y  low f o r  a 1984 launch s i n c e  t h e r e  a r e  e x i s t h g  s p a c e c r a f t  des igns  on which a c a r r i e r  
can  be based.  The development schedule  appears  t o  be reasonable .  

It i s  planned 

The probe s p a c e c r a f t  t r a j e c t o r y  w i l l  be designed so t h a t  the  probe w i l l  e n t e r  the  atmosphere o f  J u p i t e r  
when t h e  o r b i t e r  i s  i n  a proper p o s i t i o n  t o  provide  remote sens ing  of t h e  probe e n t r y  s i t e .  Without t h i s  
in fo rmat ion ,  i t  w i l l  be s i g n i f i c a n t l y  more d i f f i c u l t  t o  understand t h e  d a t a  from the  probe.  Likewise, 
wi thou t  t h e  simultaneous o r b i t e r  and probe measurements, the  o r b i t a l  d a t a  on t h e  a tmospher ic  dynamics o f  
J u p i t e r  w i l l  be l e s s  understood.  

The Federa l  Republic of Germany has  made a commitment t o  develop t h e  r e t r o p r o p u l s i o n  element f o r  the  miss ion,  
and has  agreed t o  s u s t a i n  t h i s  endeavor f o r  t h e  1984 miss ion.  Design and development o f  t h e  SpacecratL and 
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probe elements as well as the science instruments are underway. 
toward the 1984 launch opportunity. 

This momentum can be efficiently redirected 

In FY 1980, the design, development and fabrication activities will continue. Requirements imposed by the 
revised launch date are being translated into final designs for the major elements of Galileo--the probe.and 
orbiter spacecraft, the mission operations, the spacecraft propulsion module, the on-board power systems, 
and the Space Transportation System interface. Competitive procurement of the probe carrier spacecraft will 
be initiated. 

CHANGE FROM FY 1980 BUDGET ESTIMATE: 

The FY 1980 Galileo estimate remains unchanged in total; however, adjustments have been made within the 
project elements to accommodate the 1984 launch dates. The 1984 launches require a modification of the 
spacecraft propulsion system to allow a powered Mars flyby and the orbiter structure will be modified as 
necessary. Orbiter hardware required solely to support delivery of the probe to Jupiter will be deleted. 
The probe will remain unchanged. A probe carrier spacecraft, which will deliver the probe to Jupiter and 
relay the probe data back to Earth, must be developed. Replanning of schedules is also required. 

BASIS OF N 1981 ESTIMATE: 

FY 1981 funding requirements will provide for continued fabrication and test of the Galileo science 
instruments, the probe and the orbiter spacecraft. The award of a probe carrier contract in FY 1981 
is planned, and will be followed by the orbiter critical design review. 
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BASIS OF FY 1981 FUNDING REQUIREMENTS: 

MISSION OPERATIONS AND DATA ANALYSIS 

1980 198 1 
1979 Budget Current  Budget 

Ac tua l  Es t imate  Est imate  Est imate  
(Thousands of D o l l a r s )  

.................................. Voyager b a s i c  miss ion.  16,742 19 , 000 19 , 000 25,600 
3 , 000 Voyager extended miss ion - -- - - -  

Pioneer Venus b a s i c  and extended miss ion 9 , 000 9 , 800 9 , 400 7 , 700 
2 , 500 Pioneer 6-11 extended miss ion 3,125 4,000 

Hel ios  extended miss ion 200 ---  100 100 ................................. - - -  1,000 - - -  Viking extended miss ion 
25 , 900 P lane ta ry  f l i g h t  suppor t  25 , 233 26,200 26,500 

T o t a l  59.300 59.000 58,800 64.800 

................................ ---  ................ 
........................... 2 , 800 

................................. 
5 , 000 

................................ 
................................................. 

OBJECTIVES AND STATUS: 

The Mission Operat ions  and Data Ana lys i s  Program funds the  o p e r a t i o n s  phase of p l a n e t a r y  miss ions  a f t e r  

Cur ren t ly ,  a c t i v e  p l a n e t a r y  miss ions  being supported w i t h i n  miss ion  o p e r a t i o n s  and d a t a  a n a l y s i s  
development, launch,  and i n i t i a l  i n - f l i g h t  checkout a r e  complete.  It a l s o  provides  f o r  mult imdssion f l i g h t  
suppor t .  
a r e  Voyager, Pioneer Venus, Pioneer 6-11, Hel ios  and Viking. 

The o b j e c t i v e  of t h e  Voyager miss ion  t o  the  o u t e r  p l a n e t s  i s  t o  conduct  s c i e n t i f i c  s t u d i e s  o f  t h e  J u p i t e r  
and Sa tu rn  p l a n e t a r y  systems,  i n c l u d i n g  t h e i r  numerous s a t e l l v i t e s  and t h e  r i n g s  of Sa tu rn .  I f  c o n d i t i o n s  
a r e  f avorab le ,  Voyager 2 may a l s o  go on t o  Uranus t o  i n v e s t i g a t e  t h a t  e x c i t i n g  p l a n e t .  
c r a f t  a r e  c r u i s i n g  t o  t h e  o u t e r  p l a n e t s ,  they a r e  a l s o  performing c o n t i n u i n g  i n v e s t i g a t i o n s  of t h e  in ter-  
p l a n e t a r y  medium. Since  t h e i r  launches  i n  1977, the  two Voyager s p a c e c r a f t  have encountered J u p i t e r  and 
i n v e s t i g a t e d  t h i s  system. Both s p a c e c r a f t  a r e  i n  good c o n d i t i o n  and on c r u i s e  t r a j e c t o r i e s  toward Saturn .  
The primary r a d i o  r e c e i v e r  of  Voyager 2 has  f a i l e d ;  however, t h e  s p a c e c r a f t  i s  being opera ted  s u c c e s s f u l l y  
by u s i n g  i t s  backup receiver, even though t h a t  equipment i s  somewhat impaired by a component f a i l u r e .  
Encounter o p e r a t i o n s  f o r  Voyager 1 w i l l  beg in  i n  mid-August 1980 and t h e  c l o s e s t  approach t o  Sa tu rn  w i l l  
occur  i n  November 1980. S imi la r  o p e r a t i o n s  f o r  Voyager 2 w i l l  occur i n  1 9 8 1 w i t h  c l o s e s t  approach a t  
Sa tu rn  i n  August 1981. 
Voyager s p a c e c r a f t  a s  they t r a v e r s e  t h e  S a t u r n i a n  system. Subsequent t o  t h e  Sa tu rn  encoun te r s ,  t h e  

While t h e  two space-  

A weal th  of new p l a n e t a r y  d a t a  i s  expected from t h e  i n v e s t i g a t i o n s  provided by t h e  
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spacecraft will continue to provide data on the interplanetary medium. Voyager 1 will investigate the 
outer limits of our solar system. 

The objectives for Pioneer Venus are to obtain detailed information on the Venusian atmosphere, to 
investigate the planet's environment and to learn why the planet, so Earth-like in many respects, has 
an atmosphere so different. The mission is carried out by two spacecraft: an orbiter launched in 
May 1978 and a multiprobe launched in August 1978. The orbiter arrived at Venus on December 4 ,  1978, and 
was put into a highly elliptic orbit that approaches within 150 kilometers of the surface. On 
December 9, 1978, the four probes and multiprobe bus entered the atmosphere. The probes made measurements 
as they descended to the surface at widely separated points, and the bus also collected data. The mission 
has been, and continues to be, an outstanding success. 

The objective of Pioneers 6-9 is to explore interplanetary space at radial distances from the Sun varying 
from 0.75 to 1.1 AU. (The Earth's distance from the Sun is 1 AU, an astronomical unit). The objectives 
of Pioneer 10 and 11 are to explore space beyond 1 AU, the Asteroid Belt, and the environment of Jupiter. 
Pioneers 6-9, with launches starting back in 1965, are still operational, but now generally data is acquired 
only when unusual solar activities or special alignment with other spacecraft occur. Pioneer 10, launched 
in 1972, reached Jupiter in December 1973, and the gravity of the massive planet provided the extra impetus 
to take the spacecraft out of the solar system. Pioneer 11, launched in 1973, passed Jupiter in December 1974, 
and the spacecraft trajectory was influenced by the planet's gravity field in such a way that it flew by 
Saturn in 1979. Both spacecraft have returned excellent data and continue successful operation. 

During FY 1980, three Viking spacecraft are continuing to collect data at reduced levels. The two landers 
are in an automatic mission mode, in which they collect and store data for transmission to Earth upon 
interrogation. Orbiter-1 is expected to become depleted of attitude control gas by mid-1980. When this 
orbiter is shut down, the ability to obtain relays from Lander-2 will be ended, and Lander-2 will also be 
shut down. Lander-1, capable of transmitting directly to Earth on command, will continue to collect data. 

Planetary Flight Support provides for mission control and other activities which support the tracking 
telemetry and command functions for all planetary spacecraft. The activities include general purpose 
scientific and engineering computing capabilities at the Jet Propulsion Laboratory (JPL), and the selected 
project functions such as computer analysis and preparation of data records. These functions are performed 
at the Mission Control and Computing Center at JPL. 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The $200,000 decrease in the mission operations and data ar?alysis budget is a result of a Congressional 
general reduction in the FY 1980 NASA Research and Development appropriation request. Minor adjustments 
were also made in several of the program elements. Viking operations were continued into FY 1980, as re- 
flected by the increase of $1.0 million, to take advantage of the excellent data still being received. 
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BASIS OF FY 1981 ESTIMATE: 

The s u c c e s s f u l  encounters  a t  J u p i t e r  by t h e  Voyager s p a c e c r a f t  have r e s u l t e d  i n  numerous d i s c o v e r i e s ,  
h igh  demand f o r  t h e  image products ,  and a l a r g e  d a t a  base  f o r  i n t e n s e  a n a l y s i s  by t h e  s c i e n t i f i c  community. 
The Voyager FY 1981 funding w i l l  p rovide  f o r  miss ion o p e r a t i o n s  dur ing  t h e  Voyager 2 c r u i s e  per iod 
between t h e  J u p i t e r  and Sa tu rn  encoun te r s ,  two S a t u r n  encounters ,  and t h e  s t a r t  of t h e  Voyager 2 c r u i s e  t o  
Uranus. The p r o j e c t  s c i e n t i s t s  w i l l  be engaged i n  ana lyz ing  and p u b l i s h i n g  t h e  r e s u l t s  from t h e  two 
J u p i t e r  encoun te r s  i n  1979, and from t h e  encounters  wi th  Sa tu rn .  The f l i g h t  team w i l l  a l s o  be developing 
t h e  sequences and sof tware  f o r  t h e  Voyager 2 Sa tu rn  encounter ,  which w i l l  occur i n  August 1981. Voyager 1's 
encounter  per iod a t  Sa tu rn  w i l l  s t a r t  w i t h  concentra ted  obse rva t ions  of t h e  r inged p l a n e t  and i t s  many 
s a t e l l i t e s  i n  1980. 
t h e  f i r s t  two y e a r s  of t h e  Pioneer Venus extended o r b i t a l  o p e r a t i o n s .  FY 1981 funds w i l l  a l s o  provide  f o r  
Pioneer 6-11  miss ion o p e r a t i o n  and da ta  a n a l y s i s  wi th  emphasis on d a t a  from t h e  Sa tu rn  encounter  o f  
Pioneer  11. 

The FY 1981 funds w i l l  p rovide  f o r  p rocess ing  and a n a l y s i s  of  the  d a t a  obta ined dur ing  

FY 1981 p l a n e t a r y  f l i g h t  suppor t  funds w i l l  provide  miss ion c o n t r o l  and computing suppor t  f o r  a l l  
a c t i v e  deep space miss ions .  

BASIS OF FY 1981 FUNDING REQUIREMENTS: 

RESEARCH AND ANALYSIS 

1980 198 1 
Budget Page 1979 Budget Current  

Actual  Est imate  Est imate  Est imate  
(Thousands of D o l l a r s )  

Suppor t ing  r e s e a r c h  and technology ........................ 29,500 33 , 300 33,600 37,500 RD 5-12 
Advanced programs ......................................... 5,400 5,800 5 , 400 7,800 RD 5-13 

S o l a r  e l e c t r i c  propulsion/comet s t u d i e s .  .................. 5,000 --- 
........................................ Mars d a t a  a n a l y s i s  4,500 6 , 000 6,000 6,400 RD 5-13 ---  - - -  

T o t a l  ................................................... 
OBJECTIVES AND STATUS: 

44,400 45.100 45.000 51,700 

The Research and Ana lys i s  program c o n t a i n s  t h r e e  suppor t ing  e lements  r e q u i r e d  t o  a s s u r e  t h a t  d a t a  and 
samples r e tu rned  from f l i g h t  miss ions  a r e  f u l l y  e x p l o i t e d ,  t o  under take  complementary l a b o r a t o r y  and 
t h e o r e t i c a l  e f f o r t s ,  and t o  d e f i n e  t h e  sc ience  r a t i o n a l e  and develop requ i red  technology t o  under take  
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f u t u r e  p l a n e t a r y  miss ions .  The t h r e e  elements  a r e :  (1)  Support ing Research and Technology; (2 )  Advanced 
Programs; and ( 3 )  Mars Data Analys i s .  

Support ing Research and Technology - -  The Support ing Research and Technology i s  made up o f  s i x  a r e a s  of  
e f f o r t :  (1) P lane t a ry  Astronomy; (2)  P l ane t a ry  Atmospheres; ( 3 )  Plane t a ry  Geochemistry and Geophysics; 
( 4 )  Plane t a ry  Geology; (5) P l ane t a ry  ,Mater ia l s  and (6) Instrument  D e f i n i t i o n .  

The P l ane t a ry  Astronomy a c t i v i t y  i nc ludes  a l l  p l a n e t a r y  obse rva t i ons  made by ground-based, a i r b o r n e  and 
E a r t h - o r b i t a l  t e l e scopes .  Observat ions a r e  made a t  a wide range of  wavelengths from u l t r a v i o l e t  t o  r ad io .  
The r a t e  of  new d i s c o v e r i e s  con t inues  t o  be  h igh .  The d a t a  acqui red  a r e  used bo th  f o r  b a s i c  r e s e a r c h  i n  
suppor t  o f  p l a n e t a r y  program o b j e c t i v e s  and f o r  d i r e c t  support  of  s p e c i f i c  f l i g h t  miss ions .  

I n  t h e  Spr ing  of 1979, t h e  new I n f r a r e d  Telescope F a c i l i t y  i n  Hawaii commenced p l a n e t a r y  obse rva t i ons ,  
and i n  Octoljer 1979 became f u l l y  o p e r a t i o n a l .  I n  a d d i t i o n  t o  p l a n e t a r y  obse rva t i ons ,  t h e  F a c i l i t y  has  
provided suppor t  t o  t he  Voyager 2 encounter  of  J u p i t e r .  

The P l ane t a ry  Atmospheres a c t i v i t y  i nc ludes  d a t a  a n a l y s i s  and l a b o r a t o r y  and theory  e f f o r t s .  The p r o p e r t i e s  
of o t h e r  p l a n e t a r y  atmospheres a r e  amenable t o  measurement and can  a i d  u s  i n  b e t t e r  unders tanding  our  own 
weather  and c l ima te .  Observat ions of  t h e  atmospheres of  Venus and o f  J u p i t e r ,  acqui red  by Pioneer  Venus and 
by Voyager, w i l l  l a y  t h e  b a s i c  groundwork f o r  major advances i n  knowledge i n  a tmospheric  sciences. 

The P l ane t a ry  Geochemistry and Geophysics a c t i v i t y  i s  broad i n  scope and i nc ludes  s t u d i e s  of  t h e  
composi t ion and s t r u c t u r e  of a l l  c l a s s e s  of s o l a r  system o b j e c t s  and t h e  s y n t h e s i s  of  d a t a  from a l l  sources  
t h a t  r e l a t e  t o  t h e  o r i g i n  and e v o l u t i o n  of  t h e  s o l a r  system. The program suppor t s  t he  s y n t h e s i s  of p l a n e t a r y  
d a t a  a l r e a d y  ob ta ined ,  and t h e  assembly o f  in format ion  needed t o  p r epa re  f o r  f u t u r e  missions.  Both 
Voyager and Pioneer  Venus a r e  p rov id ing  key d a t a  f o r  t h e  r e sea rch  e f f o r t s  undertaken i n  t h i s  program. 

To d a t e ,  t h e  P l ane t a ry  Geology a c t i v i t y  has  focused on s t u d i e s  o f  t h e  i nne r  p l a n e t s  ( i nc lud ing  t h e  Moon). 
Voyager da t a  p e r t a i n i n g  t o  t h e  Ga l i l e an  s a t e l l i t e s  of  J u p i t e r  have provided a new dimension f o r  t h i s  e f f o r t .  
The geology program i s  a b roadly  based e f f o r t  i n  which comparative s t u d i e s  of common processes  a f f e c t i n g  
a l l  t h e  i nne r  p l a n e t s  provide a powerful technique f o r  u n r a v e l l i n g  i n d i v i d u a l  p l a n e t a r y  h i s t o r i e s ,  i nc lud ing  
t h e i r  e a r l y  s t a t e s .  Imaging d a t a ,  bo th  from s p a c e c r a f t  and from ground-based r ada r ,  p rov ide  t he  b a s i s  f o r  
much o f  t h e  d a t a  a n a l y s i s .  

The P l ane t a ry  Ma te r i a l s  a c t i v i t y  suppo r t s  an  a c t i v e  s c i e n t i f i c  e f f o r t  t o  determine d i r e c t l y  t he  chemis t ry ,  
minera l  composi t ion,  age,  phys i ca l  p r o p e r t i e s ,  and o t h e r  c h a r a c t e r i s t i c s  of re turned  l una r  samples and of  
m e t e o r i t e s  t h a t  f a l l  t o  Ear th .  Recent ly ,  e x t r a t e r r e s t r i a l  dus t  g r a i n s  have been c o l l e c t e d  f o r  s i m i l a r  
a n a l y s i s .  These s t u d i e s  con t inue  t o  y i e l d  new and o therwise  unobta inab le  in format ion  about  t h e  s o l a r  
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system, particularly about its early history. NASA maintains a balanced program of work on extraterrestrial 
materials consistent with its mission. This program is coordinated with lunar sample research supported by 
the National Science Foundation. 

The Instrument Definition activity is directed toward ensuring that the science return from future spacecraft 
missions is maximized by the availability of state-of-the-art scientific instrumentation. Most of the 
effort is currently directed toward the definition of instrumentation for an eventual mission to a comet. 

Advanced Programs - -  The objective of Advanced Programs is to provide planning and preparation for the 
systematic exploration of the solar system on a scientifically and technically sound basis. Prospective 
planetary missions are identified and defined through long-range studies; their technological and fiscal 
feasibility is evaluated, and their scientific merit is assessed through interaction with the scientific 
community. For near-term missions, detailed project planning and technology readiness studies are carried 
out so that these missions may be undertaken on schedule and within fiscal constraints. 

Current studies and supporting activities cover such possible future missions as the Venus Orbiting 
Imaging Radar (VOIR), a comet mission, a Saturn orbiter mission with Saturn and Titan probes, and an 
asteroid multiple rendezvous mission. 

Mars Data Analysis -- The Mars Data Analysis activity continues to assure that w c  fully capitalize on the 
wealth of data provided by Viking. The activity covers the broad scope of the returned data--biology, 
chemistry, geology, and meteorology. 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The increase of $300 thousand from the budget estimate for the Supporting Research and Technology Program 
is a result of the transfer of instrument definition activities from the Advanced Programs area t o  the 
Supporting Research and Technology Program. The current estimate for Advanced Programs also reflects a 
reduction of $100 thousand as a result of a Congressional general reduction in the appropriation request. 

BASIS OF FY 1981 ESTIMATE: 

1979 
Ac tua 1 

Supporting Research and Technology ...................... 29,500 

19 80 1981 
Current Budge t Budget 

Estimate Estimate Estimate 
(Thousands of Dollars) 

33,300 33,600 37 , 500 
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During FY 1981, research efforts will continue in the areas of Planetary Astronomy, Planetary Atmospheres, 
Planetary Geochemistry and Geophysics , Planetary Geology, Planetary Materials , and Instrument Definition. 
Infrared telescopic observations of Saturn will be undertaken in support of the Voyzger missions, and radar 
telescopes will be used to continue the investigation of Venus and other solar system bodies. Other signifi- 
cant observations will be conducted both to increase our knowledge of the outer planets and the small bodies 
of the solar system, and to advance our readiness for future missions. A variety of efforts will be pursued 
to improve our understanding of planetary atmospheres, including laboratory studies of reactions in deep 
atmospheres and in tenuous cometary atmospheres. In the geochemistry-geophysics area, research efforts 
will be made to better understand the present state and evolution of individual bodies and of the solar 
system in general. Geology research will be directed at specific problems in understanding the various 
processes that have shaped planetary surfaces, and will also include geological analyses and a cartography 
effort based on the Galilean satellite imaging data acquired by Voyager. Analysis of lunar samples, 
meteorites, and cosmic particles will continue in order to determine their chemical and physical properties 
and thereby to derive their origin and evolutionary history. Instrument definition for future missions 
will be continued in FY 1981. 

1980 198 1 
1979 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Do 1 la r s ) 

Advanced Programs ....................................... 5 , 400 5 , 800 5,400 7 , 800 

I n  FY 1981, the major effort in Advanced Program will be devoted to continued prepartions for the Venus 
Orbiting Imaging Radar Mission, including more detailed mission definition studies and advanced technology 
development. Work will also proceed on advanced mission definition, and on instrument definition and 
development, in support of future cometary and other planetary science mission opportunities. 

Mars Data Analysis ...................................... 4,500 6,000 6 , 000 6 , 400 

The Mars Data Analysis activity which began in FY 1979 has provided support for over 80 research efforts 
in a wide range of discipline areas such as biology, chemistry, geology, and meteorology. The FY 1981 
funds will provide for the continuation and/or completion of these efforts and the initiation of new analyses. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1981 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF SPACE SCIENCE 

SUMMARY OF RESOURCES REQUIREMENTS 

L i f e  s c i e n c e s  f l i g h t  experiments.................. 
V e s t i b u l a r  f u n c t i o n  r e s e a r c h  ....................... 
Research and analysis............................. 

Total........................................... 

D i s t r i b u t i o n  of Program Amount by I n s t a l l a t i o n :  

Johnson Space Center.............................. 
Kennedy Space Center.............................. 
J e t  P ropu l s ion  Laboratory......................... 
Ames Research Center.............................. 
Dryden F l i g h t  Research Center...................... 

Headquarters...................................... 
Langley Research Center. . . .  ....................... 

Total........................................... 

1979 
Actual  

15 , 700 

24,400 

40,100 

--- 

19,716 
2 2 5  

1,770 
13,081 

185 

5,123 

40,100 

--- 

-__ 

1980 
Budget Current  

Es t ima te  
(Thousands of D o l l a r s )  

E s  t ima t e 

1 2  , 900 16,600 

27,300 27,200 

43.900 43.800 

3,700 -0-  

16,650 
650 

2,050 
18,480 

200 

5 , 870 

43.900 

--o 

19,423 
723 

1,677 
14,266 

164  
40 

7,507 

43.800 

LIFE SCIENCES PROGRAM 

1981 

E s  t i m a  t e 
Budget Page 

NO - 
19,200 RD 6- 3 

30,500 RD 6-5 

49.700 

22,210 
1,129 
1,746 

15,837 
288 
40 

8,450 

49,700 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1981 ESTIMATES 

OFFICE OF SPACE SCIENCE LIFE SCIENCES PROGRAM 

PROGUM OBJECTIVES AND JUSTIFICATION: - 
The objective of the Life Sciences program is to support NASA's overall goals and objectives in the 

exploration and utilization of space by conducting studies in the areas of space biology and medicine and by 
expanding scientific knowledge in the area of the origin and evolution of life. The realization of this 
objectiye, which is intimately linked to our understanding of the basic mechanisms of biological and medical 
processes, is achieved through a program of research conducted both on Earth and in space. The near-term 
activities will help us to discover and investigate the effects of the space environment on humans to facili- 
tate their safe, useful participation in space activities. A continuum flows from the ground-based research 
activities to the flight experiments, and then from flight findings to laboratory work on the Earth. Thus, 
the Life Sciences program utilizes a composite of disciplines addressing all space-related problems in 
biology and medicine. 

The Life Sciences program is composed of three major program thrusts. The first is a program consisting 
of flight and ground-based experiments, whereby the physiological effects of the space environment on humans 
are explored. The unique properties of space (e.g., micro-gravity, radiation, etc.) provide, for the first 
time in our history, an opportunity to explore significant problems in biology under a controlled set of 
conditions that cannot be adequately duplicated in laboratories on Earth. The second is the continous in- 
flight observation of crews venturing in space and the testing and refining of countermeasures and establish- 
ing requirements in space exploration. The third thrust is the studies in exobiology, with special emphasis 
on a problem of profound philosophical and scientific significance: the origins and the distribution of 
life in the universe. 

The first major thrust is conducted through ground-based research, and through flight opportunities on the 
Shuttle as well as through the US/USSR Biological Satellite program. In preparation for the early Spacelab 
flights, and subsequent selection of Shuttle passengers, ground-based research is being conducted on the 
limits of physiological tolerance to space f ight stresses. Seven life science experiments are being de- 
veloped by NASA for the Spacelab-l mission. These experiments emphasize the study of the effects of space 
flight on humans, such as changes in vestibu ar function and hematological indices and the impact of space 
radiation and the effect of gravity on plant growth and biological rhythms. 
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The first Spacelab flight, dedicated to Life Sciences experiments, is planned for 1983. Over 360 proposals 
in response to our first Announcement of Opportunity were received in 1978 and since then 8 2  of the most 
promising experiments were selected for a “definition phase”. Final selections for the first dedicated 
flight will be made in 1981. 
in progress. 

Development of general purpose equipment for use on life science missions is 

NASA continues its ongoing participation in the joint US/USSR Biological Satellite program, the latest of 
which was (Cosmos 1129) launched and successfully recovered in October 1979. Thirteen US experiments were 
flown on this flight; these experiments explored relevant medical and biological problems. In addition, 
experiments are being developed for US partic.?ation in a 1981 USSR biological satellite mission. In con- 
junction with the outlined flight program, complementary integrated ground-based research continues t o  en- 
rich the Life Sciences data base and develops rationale for future flight experiments. 

The second major thrust is in the area of operational medicine. The goals of this program are to assure 
astronaut and payload specialist health and ability to function effectively in the space environment, which 
in turn, will provide sound foundations for a broader segment of the population to participate in all aspects 
of future space missions. Particular emphasis is placed on the early detection and prevention of debilita- 
ting diseases, and on the testing of countermeasures designed to prevent untoward physiological responses 
associated with exposure to the space environment. It is essential that continuous long-term monitoring of 
Shuttle crew and complements is performed in a standard and organized fashion in order to establish the long- 
term clinical significance and development of risk factors which might be associated with repeated exposure 
to the space environment. 

Exobiology is the third major program thrust. The goal is to understand the origins and distribution of 
life throughout the universe. Particular emphasis is placed on developing sound hypotheses which ultimately 
will lead to discovering the relationships which link the formation of the solar system to the beginnings of 
life. Ground-based research on model systems and analysis of extraterrestrial materials, coupled with plane- 
tary flight experiments, are clarifying the mechanisms of, and environments conducive to, the formation of 
essential biomolecules. The impact of the presence or absence of life on the subsequent evolution of a 
planet is just beginning to be realized. 

BASIS OF FY 1981 FUNDING REQUIREMENTS: 

LIFE SCIENCES FLIGHT EXPERIMENTS 

1980 1981 
Budget Budget Current 1979 - 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Life sciences flight experiments........................... 15,700 1 2  , 900 16,600 19,200 
Space transportation system operations . . . . . . . . . . . . . . . . . . . . . .  (2,500) (2,800) (7,500) (12,000) 
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OBJECTIVES AND STATUS: 

The objective of the Life Sciences Flight Experiments program is to expand our understanding of the operant 
basic mechanisms and time course of biological and medical processes as they occur from exposure to zero 
gravity. The program includes the whole processes of experimental design, development, inflight execution 
and data analysis and reporting. 
ment for adequate testing, form the basis for the experiments flown. 
general purpose flight hardware as is feasible for the flight experiments, thus avoiding unnecessary duplica- 
tion of development costs. 

Advanced hypotheses which require the unique aspects of the space environ- 
The current plan is to provide as much 

During FY 1979, over 360 proposals for Life Sciences Flight Experiments were reviewed and evaluated for 
scientific merit, engineering, cost and mission compatibility considerations. In October 1979, 82 of these 
investigations, 78 from the US and four from the international science community, were selected as candidate 
flight experiments for Life Sciences Spacelab Missions. 
phase, the candidate group will be narrowed down to 50-60 investigations. 
the first and second dedicated Life Sciences Spacelabs will be selected. 
15 to 20 investigations can be accommodated on each mission. 
mission is currently planned to be flown in 1983, and the second is planned to be launched approximately 18 
months later. The final payload for each mission will be selected about two years prior to launch. 

After a six to nine month experiment definition 
From this group, payloads for 
It is estimated that approximately 

The first dedicated Life Science Spacelab 

Flight experiments for the first joint NASAIEuropean Space Agency mission (Spacelab-1), are now proceeding 
through their final phase of development. Once this activity is completed, the hardware will proceed 
through integration, test and checkout activities at Johnson Space Center prior to shipment to Kennedy Space 
Center for final Spacelab integration and tests in support of a 1982 launch. 

Life Sciences Flight Experiment hardware which will be flown on two of the Shuttle orbital flight test 
(OFT) missions, and on Spacelab-2, is also in the final stage of development. Delivery of this flight hard- 
ware will be completed in 1980. 

On the second Shuttle OFT mission, a single hardware verification test will be conducted in support of a 
plant experiment scheduled for flight on Spacelab-1. A plant growth experiment will be conducted on both 
OFT-5 and Spacelab-:!. 
metabolities and bone demineralization utilizing hardware developed f o r  Spacelab-1. 

Spacelab-:! will also carry a blood experiment designed to investigate Vitamin-D 

Another element of the Life Sciences Flight Experiment program is our joint participation with the USSR 
which includes flying experiments aboard the Cosmos 1129 biological satellite which flew from September 25, 
1979 to October 12, 1979. The flight specimens were received from the Soviets in November and the US 
scientists are now analyzing their material. Presentation of the results is planned in conjunction with 
a meeting of the International Congress of Physiological Sciences, July 1980, in Budapest, Hungary. 
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The next  a n t i c i p a t e d  p a r t i c i p a t i o n  by t h e  U S  i n  t h e  Cosmos program w i l l  be a p r imate  f l i g h t  f o r  1981. 
The US has  submit ted s i x  experiment p roposa l s  f o r  cons idera t ion  by t h e  USSR. 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The i n c r e a s e  of $3.7 m i l l i o n  i n  t h e  FY 1980 c u r r e n t  e s t i m a t e  f o r  f l i g h t  experiments r e f l e c t s  a r e s t r u c-  
t u r i n g  of t h e  L i f e  Sciences program which invo lves  t h e  t r a n s f e r  of funds  p rev ious ly  budgeted f o r  t h e  
V e s t i b u l a r  Funct ion Research t o  t h e  L i f e  Science F l i g h t  Experiments program where concept s t u d i e s  on a 
v e s t i b u l a r  f a c i l i t y  w i l l  be conducted. 

BASIS OF FY 1981 ESTIMATE: 

I n  e a r l y  FY 1981, experiment s e l e c t i o n  f o r  t h e  f i r s t  L i f e  Sciences  Spacelab Mission (LS-1) w i l l  be 
completed; subsequently,  development phase c o n t r a c t s  w i l l  be awarded t o  P r i n c i p a l  I n v e s t i g a t o r s  who a r e  
s e l e c t e d  f o r  f u r t h e r  d e f i n i t i o n .  Experiment p re l iminary  design reviews w i l l  be conducted followed by a 
payload s y n t h e s i s  e x e r c i s e ,  a f t e r  which f i n a l  f l i g h t  experiments s e l e c t i o n s  f o r  LS-1 w i l l  t a k e  place .  La te  
i n  t h e  year  an i n t e g r a t e d  miss ion  requirement review w i l l  be held. 

BASIS OF FY 1981 FUNDING REQUIREMENTS: 

RESEARCH AND ANALYSIS 

1980 1981 
1979 Budget Current  Budget 

(Thou sands of Dol 1 a r  s ) 
E s t i m a t e  Est imate  Est imate  Actual 

L i f e  sc iences  support ing r e s e a r c h  and technology............ 24,400 27,300 27,200 30,500 

OBJECTIVES AND STATUS: 

The Research and Analysis  a c t i v i t i e s  of t h e  L i f e  Sciences  program r e p r e s e n t  t h e  ground-based r e s e a r c h  i n  
space- re la ted  b i o l o g i c a l  and biomedical problem a r e a s  t h a t  have been i d e n t i f i e d  i n  previous  f l i g h t s  o r  have 
been determined t o  be h igh ly  probable  i n  f u t u r e  f l i g h t s  and comprises f i v e  elements: 
medicine,  (2 )  biomedical  r esea rch ,  (3 )  space biology,  (4 )  exobiology, and ( 5 )  l i f e  support .  

(1) o p e r a t i o n a l  

The L i f e  Sciences  o p e r a t i o n a l  medicine program i s  t h e  c a t a l y s t  r e s p o n s i b l e  f o r  b r ing ing  t h e  sc ience,  
technology, and p r a c t i c e  of medicine t o  bear  on so lv ing  t h e  problems of s u s t a i n i n g ,  support ing,  and 
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protecting individuals working in the space environment. 
performance is preserved and that adequate treatment of in-flight illnesses or injuries is provided. In 
addition, the Space Transportation System and future generations of space vehicles will allow for a comple- 
ment of crews of varied background, age and sex, who will work for different lengths of time in the unique 
environment of space. Thus, a new dimension of frequent and repetitive exposure to zero-gravity will be 
introduced. Such manifestations as "space motion sickness", fluid shifts, endocrine shifts (which can re- 
sult in decreased performance in flight ), decreased post-flight cardiovascular tolerance, and possible 
aggravation of latent diseases, will be carefully documented and, where feasible, prevented. To this end, 
specific operational requirements such as careful medical selection, periodic evaluation of health status 
(including'pre- and post-flight medical observations), in-flight monitoring of the time course of adaptation 
to and performance in the space environment will be continually reevaluated and updated. Significant 
emphasis is placed upon real-time testing of promising countermeasures developed by the research and 
analysis programs under controlled conditions. 

This includes assurances that physical welfare and 

The biomedical research program objective is to develop the basic medical knowledge needed to enable men 
and women to operate more effectively in space. The program is organized into discrete elements with each 
designed primarily to rectify a particular physiological problem expected to affect the human organism in 
prolonged or repetitive space flight. Thus, motion sickness, bone loss and hormonal disturbances are the 
subjects of a continued search for mechanisms and countermeasures. The program is largely dependent upon 
the use of ground-based analogues of space flight. Special regimens of bed rest, water immersion and 
centrifuge time are employed to evoke specific responses in both man and animals. New techniques such as 
tomography and radionuclide imaging are being perfected to study these changes in living organisms. 
Commencing in FY 1980, an integrated mathematical analysis of several physiological systems will receive 
major emphasis. The approach is expected not only to improve our capability to protect future space 
workers, but also to enhance our overall comprehension of physiology in health and in disease. 

The space biology activity will explore the role of gravity in life processes and use gravity as an 
environmental tool to investigate fundamental biological questions. Specific objectives are to: 
(1) investigate and identify the role of gravity in plant and animal cellular processes, embryonic develop- 
ment, morphology and physiology; (2) identify the mechanisms of gravity sensing and transmission of gravity 
perception information within both plants and animals; 
other stimuli (e.g., light) and stresses (e.g., vibration) on the development of metabolism of organisms; 
( 4 )  use gravity to study the normal nature and properties of living organisms; and (5) extend the limits 
of knowledge about plant and animal growth and metabolism to provide for long-term survival and multi- 
generation reproduction of life in space. 
of future space flight experiments and life support systems. 

( 3 )  identify the interactive effects of gravity and 

This program provides basic ground-based information in support 
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Exobiology is the study of the origin, evolution and distribution of life and life-related molecules on 
Earth and beyond. 
coupled with extrapolation to extraterrestrial environments, affords a unique opportunity to address a most 
fundamental question regarding the existence of such processes beyond the Earth. Theories about chemical 
evolution and the origin of life are being refined to reflect results from the most recent planetary and 
astronomical explorations. The current research program also is uncovering an initmate association between 
the origin and evolution of life on Earth and the processes which shaped the evolution of the solar system 
itself. These discoveries have highlighted gaps in our knowledge which, when completed as the program 
expands, will ultimately allow tests of the concept of universality of biological processes. 

Sophisticated analyses of life as we know it, its chemical precursors and its origin, 

The life support systems activity will focus on the continuing research and developmental efforts aimed 
at increasing and enhancing our ability to support long-duration manned space occupancy and maximizing 
astronaut and passenger-scientist productivity. Achievement of these goals is sought through improved 
habitability, man-machine relationships, as well as provision of direct supportive needs such as food, 
water, and a habitable atmosphere. For longer duration missions, the program will continue to study the 
capability for regeneration and reuse of water and air, as contrasted to the expendable-type life support 
currently available. 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The decrease of $100 thousand in the FY 1980 estimate is the result of a Congressional general reduction 
in the NASA FY 1980 R&D appropriation request. 

BASIS OF FY 1981 ESTIMATE: 

The operational medicine programwill continue to investigate the possible occupational exposures in zero- 
gravity, and the development of training and remedial preventative measures, together with modification of 
medical care procedures utilized on Earth to meet the unique requirements of the space environment. 

The biomedical research program will continue to focus primarily on the motion sickness problem because 
of its relevance to Space Shuttle operations. 
pursued in recognition of the considerable fundamental knowledge that must be acquired in these areas 
before effective countermeasures can be devised. Increased awareness and understanding of the radiation 
hazard has resulted in more emphasis being placed on the biological effects of high energy radiation and 
upon radiation protection. 
of space flight and with mathematical modeling procedures. 

Cardiovascular .and musculoskeletal studies will also be 

Major new avenues of research will deal with the psychological accompaniments 

The space biology program will continue to research the stress responses to hypo- and hyper-gravity and 
the relationship of these responses to those provoked by other stresses and stimuli. The use of gravity 
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as a tool to investigate fundamental endocrine responses and basic biological control mechanisms will be 
expanded. The space biology program will continue to provide ground-based support data for future Shuttle/ 
Spacelab flight experiments. 

Exobiology research has identified a need to expand our understanding of events preceding what is 
classically called chemical evolution and following what is referred to as the origin of primitive life forms. 
Studies of the history of biogenic elements, the effect of extraplanetary and astrophysical events on evolu- 
tion of complex life, and the distribution of life in the universe will be conducted to make the unifying 
scenario of life in the universe complete. 

The life support systems program will continue to investigate basic biological processes and physical- 
chemical methods which can provide the capability to recycle waste, food, atmosphere and water. 
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SPACE AND 
TERRESTRIAL 

APPIICATIONS PROGRAMS 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1981 ESTIMATES 

RESEARCH AND DEVELOPMENT BUDGET PLAN FOR SPACE AND TERRESTRIAL APPLICATIONS 

Programs 

Space applications.......... ............................... 
Technology utilization..................................... 

Total................o................................... 

Budget Plan 

1979 Budget Current Budget 
Actual Estimate Estimate Estimate 

(Thousands of Dollars) 

274,800 332,300 331,800 381,700 

13,100 

283,900 344,400 343,900 394,800 

1980 1981 

1 2  , 100 9,100 12,100 





RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1981  ESTIMATES 

BUDGET SUMMARY 

OFFICE OF SPACE AND TERRESTRIAL APPLICATIONS SPACE APPLICATIONS PROGRAMS 

SUMMARY OF RESOURCES REQUIREMENTS 

1980 1981  
1979 Budget Current  Budget Page 

A c  tua  1 Estimate Estimate Estimate No. 
(Thousands of  Dol l a r s )  

Resource Observations .............................. 139. 400 141. 400 145. 203 162. 300 RD 7- 9  
Environmental Observations ......................... 67.  750 117 . 200 109. 470 137. 600 RD 7- 29  

............................... 24. 547 18. 100 RD 7- 4 9  
12. 500 RD 7-50 

Space Communications ............................... 22. 600 23. 300 22 . 725 29. 000 RD 7- 58 

20 . 300 Appl ica t ions  Systems 13. 950 
Technology Transfer  ................................ 10. 700 10 . 300 10. 087 
M a t e r i a l s  Process ing i n  Space ...................... 20. 400 19. 800 19.  768  22 .  200 RD 7-53 

Tota l  ............................................ 274.800 332. 300 331.800 381.700 ~- 

D i s t r i b u t i o n  of Program Amount by I n s t a l l a t i o n :  

Johnson Space Center ............................... 2 4 ,  146 
Kennedy Space Center  ............................... 520 
Marshall  Space F l i g h t  Center  ....................... 2 6 ,  412 
National  Space Technology Labora to r i e s  ............. 3 ,  199 
Goddard Space F l i g h t  Center  ........................ 159 ,  076 

Wallops F l i g h t  Center  .............................. 3 ,  114 
Ames Research Center  ............................... 7 , 983 
Langley Research Center  ............................ 9 , 789 
L e w i s  Research Center  .............................. 5 ,  294 

J e t  Propuls ion Laboratory .......................... 2 2 ,  9 5 1  

Headquarters  ....................................... 1 2 ,  316  

31. 150 
825 

29 . 525 
3 .  750 

184. 100 
22 . 300 

4. 125 
10. 550 
19 . 125 

5. 125 
21. 725 

25 . 330 
1. 428 

28. 705 
2 .  940 

182 . 320 
18  . 463 

3.  915 
16. 010 
14 . 548 
10. 368 
27. 773 

41. 990 
195 

23 . 950 
3. 720 

198. 770  
21. 570 

4. 390 
18. 295 
12 . 805 
17 . 000 
39. 015 

381.700 T o t a l  ............................................ 274. 800 332.300 __ 331.800 ..- 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1981 ESTIMATES 

OFFICE OF SPACE AND TERRESTRIAL APPLICATIONS 

FLIGHT SCHEDULE 

P r o j e c t  Mission 

Resource Observation: 
Ear th  Resources Tech. S a t e l l i t e s  Launch of LANDSAT-D 
Shut t le /Space lab  Payload Development O r b i t a l  F l i g h t  T e s t  Missions 

Spacelab Payloads 

Environmenta 1 Observation: 
Shut t 1 e / Space 1 ab Pay 1 oa d Dev e 1 o pmen t Orb i t a l  F l i g h t  Test  Missions 

Space l a b  Payloads 

Earth Radiat ion Budget Experiment Launch of ERBS 
ERBE ins t rument  t o  be launched 

on NOAA F&G (Subject  t o  NOAA ca l l- up )  

on Spacelab miss ion  and ERBS 
Halogen Occu l t a t i on  Experiment HALOE instrument  t o  be launched 

Nat iona l  Oceanic S a t e l l i t e  System Launch of f i r s t  s p a c e c r a f t  

SPACE APPLICATIONS PROGRAM 

Mate r i a l s  Processing i n  Space: 
Sounding Rocket Missions Launch 2 i n  1980, 1 i n  1981 

F l i g h t  of Ma te r i a l s  Experiment 
Assembly 

Shut t le /Space lab  Payload Development Spacelab Payloads 

Space Communications: 
Search and Rescue Mission Instruments  t o  be launched on NOAA 

(TIROS-N s e r i e s )  s p a c e c r a f t  

Calendar Year 

1981 
19 80 
Beginning 

in 1981 

1980 
Beginning 

i n  1982 
1983 

1984-1985 
1982 - 1983 

1986 

1980-1981 
Beginning 

i n  1982 
Beginning 

i n  1982 

1982 
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Pro jec t  

Reimbursable Missions: 

GOES * 
c 

N O M *  

FLIGHT SCHEDULE 

Mission 

Launch of GOES D through F 

Launch of NOAA A- G 

*National Oceanic and Atmospheric Adminis t ra t ion  (NOAA) funded. 

Calendar Year 

1980- 1983 
(Subject  t o  c a l l - u p  
by N O M )  

197 9 - 1985 
(Subject  t o  c a l l - u p  
by NOAA) 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1981 ESTIMATES 

OFFICE OF SPACE AND TERRESTRIAL APPLICATIONS SPACE APPLICATIONS PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The objective of the Space Applications program is to conduct research and development activities that 
demonstrate and transfer space-related technology, systems and other capabilities which can be effectively 
used for down-to-Earth practical benefits. These activities are grouped in the following general areas: 
Resource Observations, Environmental Observations, Applications Systems, Technology Transfer, Materials 
Processing in Space, and Space Communications. 

In each of these areas, programs are being planned and conducted to contribute to the solution of pressing 
national, as well as international, problems and needs. 

Resource Observations - This program addresses the needs for information of vital economic value to the U.S. 
and of worldwide humanitarian concern required for management of the world's limited food, water, and energy 
supplies and for the identification of potential geodetic hazards. The principal objectives are to develop 
and demonstrate the use of space and space technology to provide the U.S. with a global capability for 
monitoring and forecasting major agricultural commodities, for water resources management, for land use 
assessment, for improving the exploration for mineral and energy resources, and for understanding the dynamic 
characteristics of the solid earth and its crust, including tectonic plate motion, stability and crustal 
deformation. Inherent in the pursuit of these objectives is the involvement of the users of space-derived 
information in the total program activities, from the planning to the development, test, verification, and 
application of the techniques. 

Principal activities include the identification of user information needs, the development of remote 
sensing and information extraction techniques, provision for the acquisition of space data, and joint 
research, development and test projects with users, leading eventually to the establishment and routine 
use of global data collection systems. Currently, Landsat-3 is providing a wide variety of useful data. 
Landsat-D, with improved sensing capabilities, is under development and will be launched in late 1981 or 
early 1982. NASA will support the National Oceanic and Atmospheric Administration with its new responsibility 
for management of the operational land observing system. Magsat and the Heat Capacity Mapping Mission con- 
tinue to provide valuable information for geophysical and geologic studies. Experiments designed to test 
the applicability of active microwave measurements, and of high resolution imagery for mapping investigations, 
are planned for flight on early Shuttle missions. Studies are also underway to define the appropriate space 
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systems for gravimetric measurements for solid earth studies, for global stereoscopic imagery for resource 
exploration, and for improved remote sensors for multiple applications. Joint research, development, and 
testing activities with other Federal agencies are underway to advance our  understanding of how to apply 
multiple data sources in improving agricultural early warning and crop commodity forecasting; joint research 
activities are planned with other Federal agencies and coordinated with international organizations for 
advancing the scientific knowledge of the solid earth. 

Environmental Observations - Understanding the dynamics and limitations of  our environment is essential to 
our long-term survival and to many of our day-to-day activities. 
pollution, ship routing, storm warnings, and modeling of long-term trends in climate and the stratosphere, 
are all areas where such understanding is put to day-to-day or strategic planning uses. NASA's Environmental 
Observations program aims at improving the understanding of processes in the atmosphere and the oceans, 
providing space observations of parameters involved in these processes and extending the national capabilities 
to predict environmental phenomena and their interaction with human activities. Because many of these 
phenomena are global or regional in extent, they can be studied effectively (and sometimes solely) from 
space. NASA's program includes research efforts plus the development, demonstration and transfer of new 
technology for global and synoptic measurements. NASA's research satellites give a special view of the 
radiative, chemical and dynamics processes occuring in the atmosphere and oceans. 

Prediction o f  the weather, control of 

The Environmental Observations Program includes studies and flight missions directed at all of the layers 
of the atmosphere from the highest layer of the upper atmosphere down to and including the upper layers of 
the oceans. The program areas include: (1) upper atmospheric research, (2) tropospheric air quality, 
(3 )  global weather, ( 4 )  severe storms, (5) oceanic processes (including ocean circulation, sea and glacier 
ice, coastal and inland waters, air-sea interaction and marine boundary layer), and (6) climate. This 
integrated approach encompasses the diverse fields of meteorology, climatology, atmospheric chemistry, 
atmospheric physics, and oceanography, and focuses on the special contributions of space-derived data. 

Research into the chemistry of the stratosphere as it relates to ozone is beginning to pay dividends with 
the production of global ozone maps from NIMBUS data and a large collection of measurements of chemical 
constituents. These now make possible testing of mathematical models of the complex chemical system of the 
stratosphere. Advanced studies of the next remote sensing contributions to understanding the upper atmosphere 
and to observing tropospheric pollution are now underway. 

In support of operational services the NOAA series and GOES series of satellites are well established. 
TIROS-N, NOAA-A and GOES-D, launched in 1978 and 1979, continue to provide National Oceanic and Atmospheric 
Administration with excellent data for incorporation into their forecasts. SEASAT, NIMBUS-7, and SAGE 
have provided and continue to provide important research information. Several other flight programs, such as 
the Earth Radiation Budget Experiment, the Halogen Occultation Experiment and a number of Shuttle/Spacelab 
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payloads, are being prepared for launch in the early 80 ' s .  Information fzom these experiments should provide 
a significant contribution to achieving a better understanding of climatological processes. 

Programs of research and transfer of technology are well established in the area of weather and storms. 
Research and analysis of data from the flight demonstrations (such as SFASAT) of remote sensing of the 
oceans have been a major thrust in recent years within the Applied Research and Data Analysis program. Based 
on experience gained through the SEASAT mission and as part of the ongoing program in remote sensing of the 
oceans, NASA, DOD, and N O M  are jointly proposing a new initiative called the National Oceanic Satellite 
System (NOSS). NOSS is a limited operational demonstration consisting of two ocean-viewing satellites with 
a full ground data system that provides near real-time information to the operating agencies. NOSS will 
provide valuable information on global wind fields, wave height and spectrum, sea surface temperature, ice 
coverage, and ocean color. 

Applications Systems - This program supports Space Applications requirements for use of airborne facilities 
and provides flight support to major segments of the Space Applications program as well a s  to other NASA 
programs. 

Technology Transfer - The objective of the Technology Transfer program is to ensure that the maximum possible 
benefits are derived from the technology developed by NASA. There is a growing demand by an increasing 
number of public and private organizations to use space-based remote sensing technology as a tool to derive 
much of the resource information required for a variety of needs: to meet Federal, state and local require- 
ments; to assist in the search for and development of critical energy resources; and, to meet numerous other 
requirements for synoptic, geobased information. The Technology Transfer program assesses national priorities 
and user needs which can benefit from remote sensing technology, informs users of existing and planned 
technological capabilities, and conducts cooperative projects with user organizations to verify and transfer 
remote sensing technology to operational use. Due to the extensive interfaces maintained with a wide 
variety of individual users as well as user representative groups such as the National Conference of State 
Legislatures, the Technology Transfer Program also serves as a valuable communication channel for the wide- 
spread dissemination of transfer project results and user experience which is synthesized and focused for 
planning of new technology programs. 

Materials Processing in Space - The Materials Processing in Space (MPS) program emphasizes the fundamental 
science and technology of processing materials under conditions that allow detailed examination of the 
constraints imposed by gravitational forces. Its goal is to test and demonstrate the capabilities of 
space-borne facilities in space environment for materials processing, and to provide opportunities for 
independently funded users to exploit space flight for processing activities related to their own needs. 
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In accordance with guidelines formulated and published in 1979, negotiations on several joint endeavors with 
private companies will be conducted in 1980. These activities are intended to encourage early transfer of 
space activity in materials science to private sponsorship. Ground-based research in FY 1981 will continue 
the expanded effort initiated in 1980 and will be increased to accommodate an augmented effort in advanced 
technology development to meet needs identified in the ground-based research program, and definition studies 
on space experiment systems to perform investigations arising from MPS materials research. The program's 
initial STS payload equipment will be fabricated in FY 1981, leading to delivery for integration early in 
FY 1982. Principal Investigators will complete development of experiment plans and samples for the first 
flights of the several apparatus systems. 

Space Communications - A new industry was built upon NASA's early pioneering work in satellite communications. 
Industry now offers strong support for a renewed NASA effort in satellite communications R&D in order to 
assure a large U.S. participation in a rapidly growing worldwide telecommunications market. In FY 1980, 
NASA is focusing on the development of technology to increase the usable capacity of the radio frequency 
spectrum, In particular, NASA is developing hardware and techniques for a new higher frequency satellite 
communications band, including multi-beam antennas and on-board switching. In FY 1981, user experiments 
and demonstrations on NASA's Applications Technology Satellites, ATS-1 and ATS-3 experimental satellites will 
continue. Although public service user experiments on ATS-6 and Communications Technology Satellite have 
been completed, the review, analysis and reporting on the four hundred experiments conducted will be supported 
in FY 1981. Significant effort is being undertaken to provide technical consultation and support to U.S. 
Government agencies that have participated in the 1979 General World Administrative Radio Conference to 
assess the impact of changes made in the Radio Regulations. 

Work is continuing on the development of an experimental Search and Rescue Mission, This system will 
employ sensitive receivers and high gain antennas, carried on a spacecraft, to demonstrate the feasibility 
of obtaining a significant increase in the capability to detect and locate distress signals from general 
aviation aircraft and certain marine vessels. This program is being conducted with the Departments of 
Defense, Transportation and Commerce as well as jointly with Canada and France; and negotiations have been 
completed for participation by the Soviet Union. The launch of the first operational meteorological 
satellite equipped with the search and rescue instrumentation is planned for 1982. 

Changes from FY 1980 Budget Estimate: 

The FY 1980 estimate for the Space Applications program has changed only slightly in total - a reduction of 
$500 thousand as a result of a general congressional reduction in the NASA budget request. A number of 
adjustments have been made among the individual subprogram elements, however, in order to respond to technical 
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problems and o t h e r  unforeseen circumstances,  and t o  r e f i n e  the  budget s t r u c t u r e  i n  o rde r  t o  improve the  
budget p r e s e n t a t i o n  o r  t o  r e f l e c t  i n t e r n a l  o rgan iza t i ona l  assignments .  
accommodated w i t h i n  t he  t o t a l  budget f o r  t h e  program, and i n  t he  con tex t  of  balanced p r i o r i t i e s .  

A l l  of t he se  ad jus tments  have been 

There have been no major r e d i r e c t i o n s  i n  t he  FY 1980 Space Appl ica t ions  program budget.  However, r e l a t i v e l y  
s i g n i f i c a n t  funding adjustments  have been requi red  i n  t h r e e  p r o j e c t s :  

o Landsat-D resources  were increased  by $8.9 m i l l i o n  t o  provide s p a c e c r a f t  t e lemet ry  t ape  r eco rde r s ,  
a d d i t i o n a l  ground equipment t o  permit  dua l  (Landsat-D and D ' )  s p a c e c r a f t  ope ra t i ons ,  and an  improved 
spacec ra f t  p ropuls ion  system f o r  c o m p a t i b i l i t y  wi th  S h u t t l e  r e t r i e v a l  mission requirements .  

o I n  response t o  a USAF o f f e r  t o  e n t e r  i n t o  a j o i n t  procurement wi th  NASA f o r  advanced h igh  a l t i t u d e  
a i r c r a f t ,  t he  T R - 1  (NASA ER-2), i t  was decided t o  proceed wi th  t he  procurement. The a i r c r a f t  i s  a 
s i g n i f i c a n t l y  improved ve r s ion  of t he  U-2 a i r c r a f t ,  wi th  improved range,  payload capac i ty ,  and f l i g h t  
handl ing c h a r a c t e r i s t i c s .  I n  FY 1980, $5.24 m i l l i o n  has  been r e a l l o c a t e d  from o t h e r  p r o j e c t s  t o  the  
Airborne Ins t rumenta t ion  Research Program f o r  t h i s  purpose. 

o The FY 1980 Budget Est imate f o r  t h e  Earth Radiat ion Budget Experiment (ERBE) of $23.0 m i l l i o n  has  been 
reduced t o  $17.0 m i l l i o n .  The ERBE funding requirements  f o r  FY 1980 have changed due t o  a r ecen t  NASAINOAA 
e v a l u a t i o n  of the  probable launch d a t e s  f o r  the  NOAA p o l a r - o r b i t i n g ,  ope ra t i ona l  meteoro logica l  s p a c e c r a f t ,  
The launch d a t e s  f o r  NOAA-F and NOAA-G, t he  spacec ra f t  equipped wi th  ERBE ins t ruments ,  have been reassessed  
f o r  1984 and 1985. A s  a consequence, t he  launch d a t e  f o r  t he  NASA ERBE spacec ra f t  ha s  been ad jus ted  t o  
l a t e  1983; i n i t i a t i o n  of the  spacec ra f t  procurement has  accord ingly  been delayed t o  t he  end of FY 1980. 
The r educ t ion  i n  ERBE requirements  made i t  pos s ib l e  t o  meet the  increased  requirement f o r  Landsat-D. 

I n  a d d i t i o n  t o  these  p r o j e c t - l e v e l  changes, some i n t e r n a l  p r o j e c t  adjustments  have been necessary .  Notably, 
a s  def in i t ion /deve lopment  e f f o r t s  have progressed and a s  STS f l i g h t  schedules  have changed, funding r e q u i r e -  
ments f o r  i n d i v i d u a l  Spacelab payload ins t ruments  have tended t o  change from the  o r i g i n a l  budget e s t ima te .  
I n  p a r t i c u l a r ,  FY 1980 e s t ima te s  f o r  the  S h u t t l e  Imaging Radar, Atmospheric Cloud Physics Laboratory, and 
Atmospheric Trace Molecules observed by Spectroscopy experiments have increased ,  p r i n c i p a l l y  due t o  t e c h n i c a l  
problems. 

Severa l  s t r u c t u r a l  changes have been made i n  the  Space App l i ca t i ons  budget t o  a i d  i n  i t s  p r e s e n t a t i o n .  
These include:  

o A s epa ra t e  breakout  w i t h i n  Resource Observat ions of the  in te ragency  program, AgRISTARS, t o  h i g h l i g h t  
i t s  importance. I n  the  FY 1980 Budget, t h i s  a g r i c u l t u r e  r e sea rch  program was included w i t h i n  s eve ra l  
subelements of the  Applied Research and Data Analys i s  (Resource Observat ions)  a c t i v i t y .  
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o The Data Management and Appl ica t ions  Data Serv ice  d e f i n i t i o n  a c t i v i t i e s ,  c a r r i e d  a s  subelements i n  
App l i ca t i ons  Systems f o r  t he  FY 1980 Budget, a r e  included i n  t he  Space Communications reques t  f o r  F Y  1981. 
Management of t he se  a c t i v i t i e s  was t r a n s f e r r e d  t o  the  Communications Div is ion  i n  1979. 

For comparabi l i ty  purposes,  t he se  s t r u c t u r a l  changes have been incorpora ted  i n  the  F Y  1980 Budget Est imate 
column of the  funding t a b l e s  f o r  each program a rea .  

I n  summary, t h e r e  have been both  programmatic and budget s t r u c t u r e  changes i n  the  FY 1980 es t ima te s  a s  
d e t a i l e d  ope ra t i ng  p l an  requirements  have become f i rm.  These changes a r e  discussed i n  t he  app rop r i a t e  
s e c t i o n s  of  t h e  i n d i v i d u a l  program j u s t i f i c a t i o n s  which fol low.  

BASIS OF F Y  1981 FUNDING REQUIREMENTS: 

RESOURCE OBSERVATIONS 

LANDSAT-D. ....................................... 
Operat ional  land observing system ................ 
Magnetic f i e l d  s a t e l l i t e  ......................... 
Shut t le /Space lab  payload development ............. 
Extended miss ion  ope ra t i ons  ...................... 
Geodynamics ...................................... 
Applied r e sea rch  and da ta  a n a l y s i s  ............... 

Heat capac i ty  mapping mission.  . . . . . . . . . . . . . . . . . . .  
AgRISTARS ........................................ 
LANDSAT-3. ....................................... 

1979 
Ac tua 1 

97,500 

3,900 
6,200 
358 

8,200 
22 , 242 

700 
300 

- - -  

- - -  

Tota l  .......................................... 139.400 

1980 
Budget Current  
Est imate Est imate 
(Thousands of  Do l l a r s )  

89,800 98,663 - - -  
1,600 
1,600 
1,500 
13,100 
17 , 800 
16 , 000 

- - -  

- - -  
1 , 600 
1,850 
1,582 
12,600 
12 , 908 
16 , 000 - - -  

141.400 145,203 

198 1 
Budget 

E s t ima t e 

64 , 300 
16,000 

500 

2,700 
24,800 
18 , 800 
33 , 200 

2 , 000 

- - -  
- - -  

162.300 

Page 
N o .  
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OBJECTIVES AND STATUS: 

The goal of the Resource Observations Program is to develop and demonstrate the application of space 
observations and space techniques to the acquisition of important information to assist in the management 
of the Earth's agricultural, water, land, mineral, and energy resources, and to acquire information on the 
dynamic characteristics and interior structure of the Earth to improve our understanding of the solid Earth 
and to enable the development of a more precise physical description of the planet. To achieve this goal, 
the program is focused towards: (1) the development of basic techniques for sensing the characteristics 
of the Earth's surface and for extracting useful information from the remotely-sensed data from space; 
(2) the development of techniques for the precise measurements of the movements of the Earth, its crust, 
and its potential fields to support research in crustal movement and deformation, rotational dynamics, 
and interior structure; (3) the conduct of joint research and development programs with elements of the 
Federal, public and private sectors that have major responsibilities and information needs in managing 
resources and are interested in the use of space-derived data to augment other information sources; ( 4 )  the 
provision of remotely-sensed data from space to a variety of users; and (5) the transfer of technology to 
the responsible organizations leading to an evolutionary development of the global space sensing capability 
for the routine dissemination and use of timely and comprehensive resource information. 

Principal elements of the program include the development of space and supporting ground systems; improved 
data processing and analysis techniques; Shuttle and aircraft support for sensor and technique development; 
and basic and applied research for monitoring, analyzing, and modeling vegetated and structural features of 
the Earth. 

Landsat-3 is operating and providing data routinely. LANDSAT-D development is proceeding with launch 
planned in late 1981 or early 1982. In addition to continuing the availability of Multispectral Scanner 
(MSS) data, LANDSAT-D'will provide imagery with the improved spectral and spatial resolution of tho 
thematic mapper needed to expand the use of space data for agricultural, water resources, land use, and 
other applications. 

Improvements in the effectiveness of exploration for new mineral and energy deposits require the develop- 
ment of a global capability for efficiently determining the composition and geometry of crustal materials, 
and improvement of our understanding of the structure, composition and evolution of the Earth's crust. 
Remotely-sensed data in the visible, infrared, and microwave portions of the spectrum are useful for these 
purposes, but currently performing systems are somewhat limited in their contributions. New instruments, 
such as the Shuttle Multispectral Infrared Radiometer (SMIRR), the Shuttle Imaging Radar (SIR-A), and the 
Large Format Camera, are being developed to obtain, on an experimental basis, additional narrow band IR 
and microwave data which will be assessed for its applicability in aiding in resource exploration. Although 
there have been delays in the processing and distribution of data from the Heat Capacity Mapping Mission 
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(launched in 1978), those data are now being analyzed to determine their utility in discriminating the 
composition of crustal materials. Data processing delays appear to be solved and investigations are in 
process. Initial studies indicate that HCMM imagery may be used to map structural features that are partially 
obscured by overlying soils. The Magnetic Field Satellite (Magsat), launched on October 30, 1979, is now 
providing detailed scalar and vector magnetic field information for updates of maps and charts for public use, 
as well as for studies of crustal inhomogenieties that may be related to mineral and petroleum emplacements. 
Development of the SIR-A, the SMIRR, and the Ocean Color Experiment have been completed, and the instruments 
are now being integrated with the Shuttle Pallet for flight in late 1980. These instruments will provide new 
and unique data for studying terrain features and discriminating among rock types. Development of the 
Large Format Camera is proceeding on schedule with delivery expected in June 1980. It will be flown on a 
later Shuttle flight to obtain mapping quality imagery. 

A major aspect of the Resource Observations Program is research associated with understanding and extracting 
the physical relationship of emitted and reflected radiation with vegetated and other surface features from 
remotely-sensed data; with the development of models appropriate to the management of resources; and the 
evaluation of the use of space-derived data along with other data sources in meeting user needs. 
these activities ranges from individual scientific studies to projects such as Agricultural and Resources 
Inventory Survey Through Aerospace Remote Sensing (AgRISTARS) . 

The scope of 

When the results of the research indicate, Application Pilot Tests arc used to test and expand the research 
concepts in the realism of the users' environment. 
of Agriculture, the Department of Commerce (National Oceanic and Atmospheric Administration), Department of  
the Interior, and the Agency for International Development to address priority information needs identified 
by the USDA. The Department of Agriculture information requirements cover a select group of crops and 
producing countries of significance to world trade and world nutrition. 

AgRISTARS was initiated in FY 1980 with the Department 

In FY 1981, two Application Pilot Tests will be completed: an Urban Area Information System with the 
Bureau of the Census; and an Automated Crop Area Information System with Cotton, Inc. Four Application 
Pilot Tests will continue: with the California Department of Water Resources, the Pennsylvania Department 
of Environmental Resources, the Missouri Farm Association, and, the U . S .  Geological Survey. Two or three 
new projects will be selected for initiation in FY 1981. Candidates include projects with applications such 
as range information, wetlands mapping, and soil mapping. 

Studies to define the requirements for stereoscopic data for resource exploration and to develop technical 
and management implementation approaches will be carried out in concert with NOAA in FY 1980. Future funding 
and implementation decisions will be the responsibility of N O M  as part of their responsibility for operational 
terrestrial remote sensing systems. 
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S t u d i e s  o f  t h e  phys ica l  c h a r a c t e r  and dynamic motions of  the  s o l i d  Ear th  a r e  needed t o  address  fundamental 
problems i n  geophysics and geodesy and t o  b e t t e r  understand t h e  mechanisms assoc ia ted  wi th  t h e  accumulation 
and r e l e a s e  of c r u s t a l  s t r a i n .  I n  t h e  p a s t ,  t h e s e  s t u d i e s  have been seve re ly  l i m i t e d  by t h e  accuracy and 
e x t e n t  of  measurement methods. The demonst ra t ion  i n  the  Geodynamics program of  p r e c i s e  measurements of  t h e  
l o c a t i o n s  o f  monitoring s i t e s ,  separa ted  by hundreds t o  thousands of  k i lomete r s ,  now makes i t  p o s s i b l e  t o  a c q u i r e  
g l o b a l ,  r e g i o n a l  and l o c a l  s c a l e  d a t a  t o  v e r i f y  and extend models of  t e c t o n i c  processes .  I n  FY 1980, under 
t h e  Geodynamics program, and a s  p a r t  of  a j o i n t  program w i t h  NOAA, t he  USGS, Nat ional  Science Foundation, 
and Defense Mapping Agency, s a t e l l i t e  l a s e r  ranging systems a r e  being deployed i n  t h e  U.S., t h e  P a c i f i c ,  and 
A u s t r a l i a ,  These l a s e r s  form p a r t  of  a g loba l  network of U.S.  and i n t e r n a t i o n a l  l a s e r  systems f o r  measure- 
ment of  p o l a r  motion, Ear th  r o t a t i o n  changes, and p l a t e  motion. Regional measurements were i n i t i a t e d  i n  
C a l i f o r n i a  us ing mobile l a s e r  and microwave systems. Twenty-five i n v e s t i g a t i o n s ,  inc lud ing  seven from 
Europe, were s e l e c t e d  t o  begin  s t u d i e s  us ing  t h e  l a s e r  d a t a .  
w i t h  Japan and discussed wi th  Canada, A u s t r a l i a ,  New Zealand, Germany, and o t h e r s .  I n  FY 1981,  t hese  
measurements w i l l  be continued and expanded t o  cover North and Cen t ra l  America, p o r t i o n s  o f  t h e  Caribbean, 
and Alaska.  
f i e l d  w i l l  be  s tud ied .  

Agreements f o r  j o i n t  programs were implemented 

Modeling of Ear th  processes  and methods f o r  improved measurement of  the  E a r t h ' s  g r a v i t y  

Ear th  Resources Technology S a t e l l i t e  (Landsat-D) 

Spacec ra f t  systems and s e n s o r s . . . . . . . , . . . . . . . . . . . .  
Ground system ..................................... 
Ground o p e r a t i o n s  ................................. 
I n v e s t i g a t i o n s  .................................... 

T o t a l  ........................................... 
Delta (Expendable Launch Vehic les  Program) ........ 

19 80 
1979 Budget Current  

Actual  Es t imate  Estimate 
(Thousands of  Dol l a r s )  

82 ,851  68,800 73,263 
14,400 20,500 24,900 

249 500 500 

97.500 89.800 98.663 

- - -  - - -  - - -  

(10 , 000) (---)  ( - - -> 

198 1 
Budget 

E s t  ima t e  

44 , 300 
14,100 
4,800 
1,100 
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OBJECTIVES AND STATUS: 

The o b j e c t i v e  of t he  LANDSAT-D p r o j e c t  i s  t o  cont inue the  exp lo ra t i on  of advanced techniques t o  understand 
and demonstrate  t he  u t i l i t y  of s a t e l l i t e - b a s e d  Ear th  resources  remote sens ing  systems wi th  t he  experimental  
Thematic Mapper (TM) and the  f l i gh t - p roven  Mul- t i spec t ra l  Scanner (MSS). The i n i t i a l  LANDSAT-D launch i s  
planned f o r  l a t e  1981 o r  e a r l y  1982; t he  backup spacec ra f t  w i l l  be a v a i l a b l e  f o r  launch s i x  months a f t e r  
t h e  i n i t i a l  launch.  The major t e c h n i c a l  focus of the  LANDSAT-D p r o j e c t  involves  a t e s t  of bo th  the  Thematic 
Mapper i n s t rumen t ' s  c a p a b i l i t i e s  and a n  improved ground da t a  handl ing system. 
development was i n i t i a t e d  i n  FY 1977 - w i l l  o f f e r  h igher  r e so lv ing  power and g r e a t e r  s p e c t r a l  coverage than  
e x i s t i n g  ins t ruments .  These advantages promise t o  open up a s i g n i f i c a n t  number of new uses of Landsat da t a  
and t o  enhance many c u r r e n t  uses .  

The Thematic Mapper - on which 

The MSS c o n t r a c t  was awarded i n  March 1978, and the  des ign  changes necessary  f o r  the  LANDSAT-D mission have 
been v e r i f i e d  by ground t e s t s  dur ing  FY 1979. A c t i v i t i e s  on the  p r o t o f l i g h t  and f l i g h t  model a r e  on schedule 
f o r  d e l i v e r y  t o  t he  miss ion  c o n t r a c t o r  i n  January and J u l y  1981, r e s p e c t i v e l y .  

Thematic Mapper development i s  behind the  scheduled d e l i v e r y  d a t e  l a r g e l y  d u e  t o  a s e r i e s  of  t e c h n i c a l  
and management problems. The p re sen t  ad jus ted  schedule p o i n t s  t o  a February 1981 d e l i v e r y  t o  the  mission 
c o n t r a c t o r  f o r  spacec ra f t  i n t e g r a t i o n ,  which i s  c o n s i s t e n t  wi th  a l a t e - 1981  o r  ear ly-1982 launch of 
LANDSAT-D. 

Work i s  cont inu ing  on schedule f o r  t he  Mult imission Modular Spacecraf t  (MMS). The i n t e g r a t e d  spacec ra f t  
bus i s  scheduled t o  be de l ive red  t o  t he  LANDSAT-D mission c o n t r a c t o r  i n  May 1980. The mission-unique f l i g h t  
segment des ign  i s  near ing  completion, and the  mechanical tes t  model of t he  spacec ra f t  w i l l  undergo v i b r a t i o n  
t e s t s  e a r l y  i n  1980. 
t e s t i n g  t o  a s s u r e  t h e i r  des ign  adequacy. 

The va r ious  mission communication antennas have a l r eady  s a t i s f a c t o r i l y  completed 

Ground segment des ign  i s  proceeding, a l though Some schedule change has  occurred due t o  l a t e  computer 
d e l i v e r i e s  and a more complex geometric c o r r e c t i o n  software development than  o r i g i n a l l y  a n t i c i p a t e d .  
However, t he  p re sen t  schedule ou t look  s t i l l  suppor t s  a ground system read ines s  d a t e  compatible wi th  a 
l a t e  1981 Landsat-D launch. 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The FY 1980 funding f o r  LANDSAT-D has  been increased  by $8.9 mi l l i on .  Technical  changes inc lude  the  
i n s t a l l a t i o n  of te lemet ry  tape r eco rde r s  which a r e  requi red  t o  ope ra t e  LANDSAT-D i n  t h e  absence of f u l l  
o p e r a t i o n a l  read iness  of t he  TDRSS, which, i n  t u r n ,  r e s u l t s  from de l ays  i n  t he  S h u t t l e  schedule.  Also 
included i s  FY 1980 funding f o r  a d d i t i o n a l  ground equipment t o  permit  dua l  (LANDSAT-D and -D') spacec ra f t  
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operations. Provision has been made for increasing the performance capability of the LANDSAT-D propulsion 
system to be compatible with Shuttle retrieval mission requirements. 
launch vehicle capability permits incorporation of this change. 

The planned upgrading of the Delta 

BASIS OF FY 1981 ESTIMATE: 

FY 1981 funds will permit the completion and acceptance testing of the LANDSAT-D and -D' TM and MSS. 
Integration and checkout of all elements of the LANDSAT-D flight segment will be conducted during FY 1981. 
This includes the MMS, mission uniques (such as the solar array and wideband communication systems), and 
the instruments. The major integration activities associated with LANDSAT-D' will also take place during 
FY 1981. The TANDSAT-D ground system, including the operations control center and data processing system, 
will be completed and checked out during FY 1981. 

Operational Land Observing System 

19 80 198 1 
1979 Budge t Current Budget 

Ac tua 1 Est ima t e 
(Thousands of Dollars) 

E s  t ima te E s t ima t e 

..... Ground data handling system modifications...,... - --  
Sensor parts procurement................ ............. - - -  - 
Total. ---  ............................................. - - 16.000 

OBJECTIVES AND STATUS: 

An extensive review was conducted during 1979 of the technical and institutional aspects of operational 
remote sensing systems. An outcome of that review was the assignment to the National Oceanic and 
Atmospheric Administration. (NOAA) of the management responsibility for land observing operational remote 
sensing systems. It was also decided that NASA should continue in its role of carrying out the research 
and development activities which advance the technological capabilities of these systems. N O M  has 
initiated the development of an implementation plan in concert with NASA and other Federal agencies to 
establish the performance objectives and programmatic requirements for the operational systems. Although 
this plan will not be completed prior to mid-1980, in readiness for the FY 1982 budget formulation process, 
NASA and NOAA identified several issues for consideration in the FY 1981 budget recommendations to the 
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President; specifically, the Administration agreed that provision should be made in the NASA and N O M  
budget requests for both hardware procurement and study activities supporting the operational system 
development and formulation. 

The NASA request in FY 1981 provides for funding to modify the ground data handling system for LANDSAT 
and to initiate procurement of long-lead-time parts for the Thematic Mapper and Multispectral Scanner sensors. 
The ground system modifications will enhance the reliability and operational characteristics of the LANDSAT 
ground data handling system. The LANDSAT-D system, currently under development, has been designed to meet 
the requirements of a research and development system and consequently lacks the redundancy and timeliness 
provisions which are required of operational systems. Modifications to the system are necessary in order 
to meet the operational requirements of 95% reliability and 48 hour throughput time. In addition, the 
long-lead-time parts procurement for the two sensors has been identified as a means of reducing the time 
span from initiation of development of follow-on spacecraft of the LANDSAT type to actual flight readiness. 
Sensor parts procurement undertaken in FY 1981 concurrently with the timing of a decision on the configura- 
tion of the operational system in the FY 1982 budget recommendations, ensures a flight readiness date for 
a transitional third LANDSAT-D type spacecraft which is compatible with the projected need in 1985. 

BASIS OF FY 1981 ESTIMATE: 

FY 1981 funds will be used to initiate modifications to the LANDSAT-D ground handling system and to initiate 
procurement of long-lead-time hardware for the Thematic Mapper and Multispectral Scanner. The Landsat-D 
ground system currently under development is of a serial, nonredundant design well suited to research and 
development, but vulnerable to any one of numerous single point failures. The requested funds will be used 
for the initial modifications required to partially upgrade the data handling system to meet operational 
requirements. Consideration of additional improvements to the system is an integral part of the implement- 
ation planning studies currently underway. Initiation of procurement of long-lead-time hardware for the 
Thematic Mapper and Multispectral Scanner in FY 1981will enable a launch readiness date of 1985 for a 
follow-on spacecraft program to be initiated in FY 1982. Items to be procured include: Thematic Mapper 
elements - scan mirror blank, detectors, and high reliability electronic parts; Multispectral 
Scanner - photomultiplier tubes, scan mirror blank, and high reliability electronic parts, 
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Magnetic F i e l d  S a t e l l i t e  (Magsat) 

1980 1981 
1979 Budget Current  Budget 

E s  tima t e E s t  ima te  
(Thou sand s of  Dol l a  r s ) 

E s  t ima t e Ac tua 1 

- - -  Spacecraf t  ......................................... 2 , 538 460 286 
Experiments ........................................ 1 , 009 840 863 500 

300 45 1 - - -  Ground o p e r a t i o n s  ................................. 353 

500 

Scout (expendable launch v e h i c l e  program) .......... (1,400) ( - - ->  ( - - - I  ( - - - I  

- 

- Tota l  ............................................ 3,900 1,600 1.600 

OBJECTIVES AND STATUS: 

The Magnetic F i e ld  S a t e l l i t e  (Magsat) Mission was designed t o  measure near-Ear th  magnetic f i e l d s  on a g loba l  
b a s i s .  
f o r  use i n  the  update  and ref inement  of world and r eg iona l  magnetic c h a r t s ;  t o  compile g loba l  c r u s t a l  magnetic 
anomaly maps and t o  i n t e r p r e t  those maps i n  terms of geologic /geophys ica l  models of t he  E a r t h ' s  c r u s t .  
United S t a t e s  Geological  Survey(USGS) p lans  t o  u t i l i z e  the  f i e l d  models t o  update r eg iona l  and g loba l  
magnetic c h a r t s  i t  w i l l  i s s u e  i n  1980. The USGS a l s o  p lans  t o  use t he  f i e l d  models and the  b a s i c  magneto- 
meter measurements t o  d e r i v e  magnetic anomaly maps f o r  use i n  Natural  Resource Assessment S tudies .  

The o b j e c t i v e s  a r e  t o  o b t a i n  an accu ra t e  d e s c r i p t i o n  of t h e  E a r t h ' s  magnetic f i e l d ;  t o  o b t a i n  d a t a  

The 

The Magsat was succes s fu l ly  launched on October 30, 1979 i n t o  a low Ear th ,  nea r ly  p o l a r ,  o r b i t  by t he  
Scout launch v e h i c l e .  Deployment of t he  sensor  boom and p la t form on which the  s c a l a r  and v e c t o r  magneto- 
meters a r e  mounted was completed on November 1, 1979. Data a c q u i s i t i o n  was i n i t i a t e d  on November 3, 1979. 
Two anomalous cond i t i ons  have been experienced.  These a r e :  
o f  t he  s p a c e c r a f t ;  and 2) an  i n t e r f e r e n c e  with one of t he  cesium vapor lamps i n  the  s c a l a r  magnetometer. 
Nei ther  anomaly has  impacted the  Magsat miss ion  o b j e c t i v e s  o r  s c i e n t i f i c  i n v e s t i g a t i o n s .  The Magsat mission 
du ra t i on ,  based on t h e  a c t u a l  o r b i t  and s o l a r  cond i t i ons ,  i s  est imated a t  f i v e  months. 

1) h ighe r  t han  expected temperatures  i n  p o r t i o n s  

I n  1979, 32 Magsat i n v e s t i g a t i o n s  were s e l e c t e d .  S c i e n t i s t s  from the  United S t a t e s  and e i g h t  f o r e i g n  
c o u n t r i e s  - A u s t r a l i a ,  B raz i l ,  Canada, France, Ind i a ,  I t a l y ,  Japan, and the  United Kingdom w i l l  c a r r y  out  
i n v e s t i g a t i o n s  i n  s i x  genera l  c a t e g o r i e s :  geophysics ,  geology, f i e l d  modeling, marine s t u d i e s ,  magnetosphere/ 
ionosphere,  and core/mantle  s t u d i e s .  The f i r s t  magnetic f i e l d  model us ing  Magsat da ta  has  been obtained 
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using measurements taken during the initial three weeks of operations. The model will be updated periodically 
as more data are acquired. The initial field model was delivered to the U.S. Geological Survey in mid-December. 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The current FY 1980 funding requirements for Magsat remain unchanged from the budget estimate. Minor 
adjustments between project elements were based on up-to-date detailed schedule and contract requirements. 

BASIS OF FY 1981 ESTIMATE: 

The FY 1981 funds provide for data analysis, This will include the processing and distribution of data, 
final spacecraft orbit and precision attitude determination, and computation of the definitive field model. 
Support will also be provided for using the precision attitude determination and the vector data to generate 
magnetic anomaly maps and conduct studies, and for completion of the Magsat investigations. 

Shuttle/Spacelab Payload Development (Resource Observations) 

1980 198 1 
1979 Budget Current Budget 

Estimate Estimate Estimate 
(Thousands of Dollars) 

Ac tua 1 

Orbital flight test payload development ............. 1,905 600 854 800 
Large format camera................................. 4,295 1,000 996 1,200 

Total. ............................................ 6,200 1.600 1.850 2.000 

OBJECTIVES AND STATUS: 

The objective of this project is to develop, test, demonstrate, and evaluate Earth-viewing remote sensing 
instruments and systems to obtain data for resource observations research. Three instruments are completing 
the development and test phase for flight on the second Shuttle orbital test flight mission, and one instru- 
ment is being developed for a subsequent Shuttle operational flight. 

The Shuttle test flight instruments are: the Shuttle Imaging Radar (SIR-A) for evaluation of the applica- 
bility of spaceborne imagery radar for geologic exploration; a Shuttle Multispectral Infrared Radiometer 
(SMIRR) to conduct research for optimum spectral bands for geologic mapping; and an Ocean Color Scanner to 
assess the applicability of improved passive, color sensing techniques for mapping biologically-rich 
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(phytoplankton) a r e a s  i n  t he  ocean. The S I R- A  i s  a n  a d a p t a t i o n  o f  t h e  Seasa t  Syn the t i c  Aperture  Radar and 
w i l l  be  t h e  f i r s t  use  of  spaceborne r ada r  s p e c i f i c a l l y  f o r  landform a n a l y s i s .  These ins t ruments  a r e  p r e s e n t l y  
be ing  i n t e g r a t e d  i n t o  t h e  payload p a l l e t  f o r  t he  second S h u t t l e  t e s t  f l i g h t .  The Large Format Camera (LFC) 
i s  under development f o r  f l i g h t  on a S h u t t l e  o p e r a t i o n a l  mission.  The LFC i s  a high r e s o l u t i o n  mapping 
camera wi th  d i r e c t  a p p l i c a t i o n  t o  t he  mapping of l a r g e  geographic a r e a s  f o r  mineral  
exp lo ra t i on .  The camera u n i t  w i l l  be completed i n  t h e  summer of 1980 and i s  excepted t o  be flown i n  1983. 
The Large Format Camera Interagency Working Group meets p e r i o d i c a l l y  t o  review camera design,  eva lua t e  p re-  
miss ion  camera performance da t a ,  and determine i n i t i a l  miss ion  coverage requirements;  i t  w i l l  a l s o  prepare  
a p o s t - f l i g h t  da ta  u se fu lnes s  and system performance r e p o r t .  

and energy resources  

Included i n  t he  o v e r a l l  p r o j e c t  p l a n  a r e  e f f o r t s  on a Syn the t i c  Aperture  Radar (SAR) fo ld  and t i l t  antenna 
and a s tudy  o f  a n  a t t i t u d e  r e f e r ence  package f o r  ins t ruments  such a s  t h e  Large Format Camera. A SAR antenna 
wi th  fo ld  and t i l t  c a p a b i l i t y  i s  fundamental t o  reducing t h e  payload volume requi red  f o r  f u t u r e  spaceborne 
r ada r  f l i g h t s .  This antenna would even tua l ly  support  mult i f requency,  m u l t i p o l a r i z a t i o n  r ada r  research .  

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The change i n  Shut t le /Space lab  payload development a c t i v i t i e s  i n  FY 1980 r e f l e c t s  i nc reases  i n  the  payload 
development c o s t s  f o r  t h e  second S h u t t l e  o r b i t e r  t e s t  f l i g h t .  

BASIS OF FY 1981 ESTIMATE: 

During N 1981, t he  Resource Observat ions payload w i l l  be  flown on t h e  second S h u t t l e  o r b i t a l  t e s t  f l i g h t .  
Following f l i g h t ,  t h e  SMIRR, S I R- A ,  and Ocean Color Scanner w i l l  be r e c a l i b r a t e d  and re furb ished  where 
a p p r o p r i a t e ,  The da ta  w i l l  be processed,  eva lua ted  by the  s c i ence  teams, and r e sea rch  r e s u l t s  publ ished.  
The Large Format Camera o p e r a t i o n a l  c o n t r o l  c e n t e r  sof tware and hardware w i l l  be  developed, and f i e l d  
support  a c t i v i t i e s  w i l l  be sus t a ined  i n  p repa ra t i on  f o r  a S h u t t l e  f l i g h t .  
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Extended Mission Operations (Resource Observat ions)  

1980 1981 
Current  Budget 19 79 Budget 

Actual  E s t i m a t e  Estimate E s t i m a t e  
(Thousands of  Dol la r s )  

Heat capac i ty  mapping miss ion (HCMM) ............... 200 600 600 300 
LANDSAT-2 and -3.................................... - 15 8 900 982 2,400 

358 - T o t a l . . . , . . . . . . . . . . . . . . .  .......................... 1.500 1,582 2.700 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  o f  extended miss ion o p e r a t i o n s  i s  t o  c a p i t a l i z e  on t h e  expected continued performance of 
t h e  LANDSAT-3 and HCMM s a t e l l i t e s  beyond t h e  i n i t i a l l y p l a n n e d  miss ion dura t ion .  Data products  from t h e s e  
miss ions  a r e  be ing  used t o  suppor t  r e s e a r c h  a c t i v i t i e s  i n  a g r i c u l t u r e ,  water  r esources ,  geology and land 
use.  I n  t h e  c a s e  of  LANDSAT, some o p e r a t i o n a l  requirements of  f e d e r a l  and s t a t e  agencies ,  p lus  many 
p r i v a t e  i n t e r e s t s  a r e  now being s a t i s f i e d .  

LANDSAT-3 i s  a major source  o f  space d a t a  f o r  domestic and i n t e r n a t i o n a l  u s e r s  and a n  e s s e n t i a l  element 
of  planned and con t inu ing  experimental  demonstra t ion a c t i v i t i e s .  
s t a t e ,  and l o c a l  government agencies ;  f o r e i g n  u s e r s ;  and p r i v a t e  i n d u s t r y )  f o r  LANDSAT d a t a  can be m e t  by 
extending s p a c e c r a f t  o p e r a t i o n s  and d a t a  p rocess ing  a c t i v i t i e s  f o r  a n  a d d i t i o n a l  year .  LANDSAT-2, whi le  
s t i l l  func t ion ing ,  i s  exper iencing a t t i t u d e  c o n t r o l  problems and i s  no t  being used f o r  d a t a  a c q u i s i t i o n  
whi le  p o s s i b l e  c o r r e c t i v e  procedures a r e  being t e s t e d .  

Some con t inu ing  needs of  u s e r s  ( f e d e r a l ,  

LANDSAT-3 con t inues  t o  o p e r a t e  nominally. 

The HCMM was launched i n  A p r i l  1978 and was i n i t i a l l y  planned f o r  one year  of  o p e r a t i o n s ;  i n  FY 1980, 
funds were provided t o  extend s p a c e c r a f t  o p e r a t i o n s  from A p r i l  1979 t o  October 1980. The miss ion provides  
thermal imagery which i s  being analyzed t o  a s s e s s  the  f e a s i b i l i t y  o f  u s i n g  t h e  thermal i n e r t i a l  c h a r a c t e r -  
i s t i c s  of  s u r f a c e  m a t e r i a l  t o  d i s c r i m i n a t e  rock and s o i l  types  and f o r  s o i l  mois ture  s t u d i e s .  Recent 
e l e c t r i c a l  power problems have reduced t h e  d a t a  a c q u i s i t i o n  r a t e  from t h e  planned seven daytime and seven 
n i g h t  passes  t o  seven'daytime and one n i g h t  pass .  
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CHANGES FROM FY 1980 BUDGET ESTIMATE: 

An increase of $82 thousand is needed to support continuation of services provided to LANDSAT users from 
March 1980 to October 1980. 

BASIS OF E'Y 1981  ESTIMATE: 

The FY 1981  funds provide for continuation of the LANDSAT-3 spacecraft operations, and data processing 
requirements for a full year. 
principal investigators' studies. 

The HCMM funds provide for data processing and completion of approved 

Geodynamics 

1980 198 1 
Budget 19 79 Budget Current 

Ac tua 1 Estimate Estimate Estimate 
(Thousands of Dol la rs ) 

Crustal dynamics project .......................... 5 , 400 10,100 9 , 600 12 , 600 
Modeling and technique development ................ 2,800 3,000 3 , 000 3 , 200 
Laser network operations ........................... (7 ,200)  * ( 8 , 4 0 0 )  * (8 ,400)  f: 9 , 000 

Total.. ......................................... 8.200 13,100 12.600 24.800 

*Funding responsibility transferred from Space Tracking and Data Systems to Space Applications in FY 1981;  
FY 1980 and prior funding not included in totals. 

OBJECTIVES AND STATUS: 

The objectives of the Geodynamics Program are to improve our understanding of the motion and deformation 
of the Earth's crust, the rotational dynamics of the Earth, the geopotential fields, and the Earth's interior 
structure. Understanding these processes has important implications in the study of earthquake and exploration 
for resources. Studies of the motion of the Earth's pole and variations in its rotational rate are important 
because of suspected causative relationships between these variations and weather and climate. The global 
gravity field provides information needed for understanding the mechanism that drive the motion of the 
Earth's crust, crustal processes associated with the formation. of mineral and petroleum deposits, and for 
studies of oceanic circulation and current systems. 
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The o b j e c t i v e s  of t h e  Crus ta l  Dynamics p r o j e c t  a r e  t o  d e t e c t  and monitor t h e  g loba l  motion of t h e  t e c t o n i c  
p l a t e s  t h a t  make up t h e  Ea r th ' s  c r u s t ;  t o  understand how and why t h e  p l a t e s  a r e  moving and t o  determine i f  
deformation i n t e r n a l  t o  t h e  p l a t e s  i s  r e l a t e d  t o  t h e  unusual occurence of major ear thquakes away from p l a t e  
boundaries;  t o  map t h e  accumulation of c r u s t a l  s t r a i n  i n  t h e  v i c i n i t y  of s e i smica l ly  a c t i v e  f a u l t s  and p l a t e  
boundaries;  t o  understand how and where t h i s  s t r a i n  energy i s  s to red ;  and t o  observe t h e  c r u s t a l  motion p r i o r  
t o  and a f t e r  major ear thquakes t o  understand how t h e  accumulated energy i s  d i s t r i b u t e d  and r e l ea sed ,  
r e s u l t s  of t h i s  p r o j e c t  a r e  expected t o  c o n t r i b u t e  t o  t h e  understanding of ear thquake mechanisms and hence La 
t h e  eventua l  development by o the r  agenc ies  of p r e d i c t i v e  techniques.  
USGS, N O M ,  NSF, and Defense Mapping Agency. 
coun t r i e s ,  and an agreement has been formalized wi th  Japan. 
seven from Europe, were s e l e c t e d  t o  ana lyze  l a s e r  d a t a  f o r  s t u d i e s  of p o l a r  motion, Ear th  r o t a t i o n ,  s o l i d  
Earth t i d e s  and p l a t e  motion- 

The 

The p r o j e c t  i s  conducted j o i n t l y  w i th  
Jo in t  programs have been d iscussed  w i t h  s c i e n t i s t s  i n  about 30 

In  1979, twenty- five i n v e s t i g a t o r s ,  inc luding  

NASA i s  c o l l a b o r a t i n g  wi th  t h e  Nat iona l  Geodetic Survey of  NOAA i n  p r o j e c t  P o l a r i s  which i s  intended t o  
e s t a b l i s h  a t h r e e - s t a t i o n  Very Long Basel ine In te r fe rometer  p o l a r  motion network which w i l l  be o p e r a t i o n a l  
i n  1983. 
w i l l  be p a r t i c i p a t i n g  i n  an  i n t e r n a t i o n a l  p r o j e c t  f o r  Monitoring Earth Rota t ion  and Intercomparison of  
Techniques (MERIT). 

Also, under t he  ausp i ce s  of  t h e  I n t e r n a t i o n a l  Astronomical Union, NASA and o t h e r  Federa l  agenc ies  

A pre l iminary  MERIT obse rva t ion  campaign i s  planned f o r  August-October 1980. 

The l a s e r  network now o p e r a t i o n a l  and acqu i r ing  da ta  f o r  geodynamics s tudy  inc ludes  n ine  mobile l a s e r s  and 
f i v e  f ixed  l a s e r  obse rva to r i e s  i n  t h e  U.S. and s e v e r a l  o t h e r  c o u n t r i e s .  Severa l  r a d i o  obse rva to r i e s  have 
been equipped wi th  advanced e l e c t r o n i c  equipment t o  use r ad io  s i g n a l s  from quasars  t o  measure c o n t i n e n t a l  
d i s t a n c e s  t o  a very p r e c i s e  accuracy ( t h e  very long b a s e l i n e  i n t e r f e rome t ry  o r  VLBI t echnique) .  
V L B I  f a c i l i t i e s  have been developed. The two types of  observing systems a r e  now being intercompared and 
v a l i d a t e d .  
Fau l t  i n  C a l i f o r n i a  and i n  Bear Lake, Utah a s  a con t inua t ion  of  t he  San Andreas Fau l t  Experiment (SAFE). 
This  experiment,  i n i t i a t e d  i n  1972 t o  measure t he  r e l a t i v e  motion of  t h e  P a c i f i c  and North American p l a t e s ,  
i s  t h e  f i r s t  long-term monitor ing o f  p l a t e  motion, and i s  showing t h e  p l a t e s  t o  be moving a t  a r a t e  of  
about  n ine  -cent imeters  pe r  year  r e l a t i v e  t o  each o ther .  

Two mobile 

E a r l i e r  s a t e l l i t e  l a s e r  ranging observa t ions  were made from oppos i t e  s i d e s  o f  t he  San Andreas 

The Geodynamics Modeling and Technique Development Program suppor t s  s t u d i e s  of  phys i ca l  p rocesses  a s soc i a t ed  
w i th  c r u s t a l  deformation mechanisms, p o l a r  motion and Earth r o t a t i o n ,  and new system concepts .  
s t u d i e s  a r e  be ing  conducted of  r eg iona l  deformation i n  s e l e c t e d  a r e a s  and o f  methods f o r  improved g r a v i t y  
f i e l d  surveying and g loba l  time t r a n s f e r .  
systems which use Global Pos i t i on ing  System (GPS) s i g n a l s  i n  p l ace  of  r a d i o  s t a r s  f o r  geodet ic  surveying 
over  d i s t a n c e s  o f  a few hundred k i lometers .  

I n  FY 1980 

Engineering pro to types  w i l l  be  cons t ruc ted  o f  small antenna 
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CHANGES FROM N 1980 BUDGET ESTIMATE: 

The decrease  of  $500 thousand i n  t h e  c r u s t a l  dynamics p r o j e c t  i n  FY 1980 i s  t h e  r e s u l t  of de lays  i n  the  
i n i t i a t i o n  of some of  t he  planned a c t i v i t i e s .  

BASIS OF FY 1981 ESTIMATE: 

I n  N 1981, c r u s t a l  dynamics measurement of  r eg iona l  deformation i n  Western North America w i l l  be cont inued.  
The motion o f  t he  P a c i f i c ,  North American, A u s t r a l i a n  and European p l a t e s  w i l l  be monitored and the  i n t e r n a l  
deformation measured. Cooperative programs w i l l  be i n i t i a t e d  wi th  c o u n t r i e s  i n  Cen t r a l  America and South 
America. I n  support  o f  t he se  s t u d i e s ,  l a s e r  ope ra t i ons  a t  the  U.S., P a c i f i c  and A u s t r a l i a  s i t e s  w i l l  be  
continued and o t h e r  s i t e s  w i l l  be used a s  d i c t a t e d  by program needs. I n  t he  modeling and technique develop- 
ment a c t i v i t y ,  FY 1981 funds w i l l  provide f o r  completion of t h e  p re sen t  g r a v i t y  f i e l d  and geoid modeling. 
Emphasis w i l l  be  placed on d e r i v a t i o n  of  models of  c r u s t a l  deformation and f a u l t  mechanisms, and of p l a t e  
mechanisms. Work w i l l  con t inue  on formula t ing  the  b a s i s  f o r  t he  eventua l  evo lu t ion  of  a g loba l  model of  t he  
dynamic Ear th  which w i l l  have broad a p p l i c a t i o n  t o  b a s i c  sc ience  and t o  our  understanding of  geophysical  
p rocesses .  Respons ib i l i t y  f o r  funding o f  t he  l a s e r  network ope ra t i ons  has  been assumed by Space Appl ica t ions  
i n  FY 1981 t o  f a c i l i t a t e  management and i n t e g r a  t i o n  of  the  o v e r a l l  Geodynamics program requirements .  
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Applied Research and Data Analysis (Resource Observations) 

1980 1981 
1979 Budget Current Budget 

Actual Es t ima t e Est ima t e Estimate 
(Thousands of Dollars) 

Renewable resources................................ 19,192 7,000 5,873 7,800 
Non-renewable resources............................ 1,500 3,600 3,300 3,900 
Applications pilot tests........................... 1,550 2,700 1,160 2,700 
Operational earth resources system (OERS) definition -- 3,000 1,100 2,800 
Advanced studies ................................... -- 1,500 1,475 1,600 

Total ............................................. 22 ,242  17,800 12,908 18,800 

OBJECTIVES AND STATUS: 

The goal of the AR&DA activities is to develop remote sensing capabilities through theoretical studies, 
ground-based research and flight instrument development that can aid in the management of renewable and 
non-renewable resources and can monitor the impact of man and his works on the natural environment. 
Observables include surface characteristics such as type and extent of vegetation; characteristics of 
exposed soil and rocks; snow and ice cover, water impoundments and soil moisture; geological structure and 
landforms; and the works of man such as urban and suburban developments, major facilities and surface mines. 
The program is closely coordinated with, and in many instances, developed in collaboration with other Federal 
agencies (such as the Department of Agriculture (USDA), Department of Interior (DOI), Department of Commerce 
(DOC), Department of Defense (DOD), Department of Energy (DOE), Agency for International Development (AID), 
state and local governments, and the private sector (e.g., the Geosat Committee)). This program supports 
the ground-based and aircraft-based activities for renewable and non-renewable resource observations research. 
The objectives of this effort are as follows: to improve machine-aided interpretation and classification 
techniques, and data handling techniques, which are needed to increase efficiency in the transformation of 
space-derived data into information for utilization by the user community; to test this capability with the 
users through Applications Pilot Tests; to develop new sensors operating in the visible, infrared, and 
microwave regions of the spectrum, with emphasis on the latter two, to analyse user requirements for new 
types of space-acquired data; to develop and demonstrate ground-based or airborne systems that are derived 
from space technology, processes, management techniques or operations that contribute to the timely solution 
of natural resources problems. Through FY 1981, emphasis will continue to be placed on developing techniques 
to interpret and use the visible and infrared data from Landsat-3, the active microwave data obtained from 
Seasat, the thermal data from HCMM, and aircraft data from visible, infrared, and microwave sensors. Studies 
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are underway to develop capabilities to analyze and interpret the data which will be obtained by future systems, 
such as the seven-channel, higher resolution data expected from Landsat-D, the multichannel data to be provided 
by the Shuttle Multispectral Infrared Radiometer (SMIRR), and the optimized look-angle radar data expected from 
the Spaceborne Imaging Radar (SIR-A). 

Renewable Resources: 
variability of soil and snow moisture and to perform associated hydrologic modeling; to improve land resources 
classification, modeling, change detection, and geobased information system interfaces; to develop improved 
remote sensing techniques and machine-aided interpretation; and to test the utilization of these information 
extraction techniques with user agencies. 

The principal objectives are to develop remote sensing techniques; to monitor the spatial 

Non-Renewable Resources: 
to discriminate geologic materials at the Earth's surface and for analysis of surface morphology and composition; 
to develop optimal spaceborne potential field techniques for analysis of subsurface crustal structure; and to 
develop geologic models for use with space-acquired data in mineral and energy assessment, exploration develop- 
ment, and management. 

The principal objectives are to develop optimal spaceborne remote sensing techniques 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The decrease of $4.9 million in the Resource Observations ARGDA FY 1980 estimate reflects deferrals of effort 
in the various activities, based on an assessment of priorities within available funding. 
a small number of Applications Pilot Test projects, and certain research tasks, will be delayed until FY 1981. 

The initiation of 

Reallocation of Operational Earth Resources Satellite (OERS) definition and Non-Renewable Resources ARGDA 
funds was also required in FY 1980 to cover increased costs for development of Shuttle/Spacelab instruments 
and to support acquisition of the ER-2 aircraft. 
a less extensive scope of work than anticipated. 

The decrease in the OERS definition activity is a result of 

BASIS OF FY 1981 ESTIMATE: 

Renewable Resources: Principal efforts will be directed at continuation of on-going remote sensing technique 

These efforts include theoretical modeling, 
development with the Federal, university and private research communities in the areas of water resources, 
land resources, and interpretive techniques and sensor development. 
ground-based studies, and aircraft and spacecraft data analysis. Specific activities planned for FY 1981 
include projects in coastal resource monitoring, radar land cover interpretation, interpretive techniques, 
and sensor development. 
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Non-Renewable Resources: Principal efforts will be directed toward improving our ability to detect geological 
structures and chemical composition and to understand geological processes, thereby enhancing exploration 
strategies for non-renewable resources. Included are: continuation of broadband spectral reflectancelthermal 
emittance measurements of rock types found in arid environments; continuation of NASAIGeosat Test Case studies 
to evaluate remote sensing techniques for geological mapping in different environments; continued development 
of methods to extract geological information from existing remote sensing data; a geobotanical research program 
to develop methods of determining rock/soil composition on the basis of the distribution and spectral properties 
of surface vegetation; development of geologic models for use with space-acquired data in mineral and petroleum 
exploration and in non-renewable resources assessment investigations; and expansion of the NASA radar program 
including reflights of the SIR-A, ground-based research and aircraft testing of sensors to obtain an understanding 
of the technology needed to develop a Shuttle payload for acquisi.Cion of landform data in cloud-covered areas. 

Application Pilot Tests: FY 1981 funds will support eight to nine Application Pilot Tests ( A P T ' S ) ;  six on-going 
with the Bureau of the Census, California DeDartment of Water Resources. Cotton. Inc., USGS, Pennsylvania Depart- 
ment of Environnental Resources, and the llissouri Farm Association; and two to three new APT'S which will be 
initiated in the areas of range information, wetlands mapping, and soil mapping. 

Operational Earth Resources System Definition: Support to the National Oceanic and Atmospheric Administration 
for definition of the OERS system, initiated in FY 1980, will be continued in FY 1981. The definition tasks 
include an analysis of data acquisition requirements and the subsequent derivation of system engineering 
parameters, conceptual designs of space and ground segments and identification of implementation options for 
both segments. 

Advanced Studies: In FY 1981, definition studies will be performed for potential new initiatives--Gravsat, 
Soil Moisture Mission, Multispectral Resources Sampler, and Spacelab payloads. In addition, preliminary mission 
definition studies will be performed on promising future missions and sensors. 
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Agriculture and Resource Inventory Surveys Through Aerospace Remote Sensing (AgRISTARS) 

1979 
Actual 

-- Foreign commodity production forecasting .......... 
Supporting research. .............................. -- 
Early warning, soil moisture, domestic crop 
and land use, conservation pollution, and 
renewable resources.............................. -- 

Total -- ........................................... 
OBJECTIVES AND STATUS: 

1980 1981 
Budget Current Budget 
Estimate Estimate Es t ima t e 
(Thousands of Dollars) 

7,300 6 , 291 13,200 
7,559 13,800 7,300 

1,400 L 2 150 6,200 

33 200 16  000 A 16,000 b 

Agriculture and Resource Inventory Surveys Through Aerospace Remote Sensing (AgRISTARS) is a joint research, 
development, and testing activity undertaken with the Department of Agriculture (USDA), the Department of 
Commerce (USDC), and NASA. 
using satellite-acquired remote sensing data to augment existing data sources. and to provide information 
not presently available. Primary emphasis will be placed on the two highest priority USDA items, early 
warning and commodity production forecasting. 

FY 1981 is the second year of a six-year program to develop and test techniques 

The FY 1980 focus within the elements of the AgRISTARS program are: 

o Early WarningICommodity Condition Assessment Project: conduct data collection and analysis for soybeans, 
corn, small grains, rice and cotton; and, conduct research on selected early warning alarms for wheat 
such an winterkill. 

o Foreign Commodity Production Forecasts Project: conduct an exploratory test of wheatlbarley separation 
procedures in the United States and Canada and corn/soybeans in the United States in preparation for an 
FY 1981 Pilot Test. In the USSR, a barley production forecasting agronomic data base will be developed 
and pilot test areas selected. Data acquisition will be initiated in Brazil for separation and 
production estimation of corn and soybeans. Data collection will be conducted and research initiated 
for wheat in Australia. 
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Supporting Research Project: complete installation of supporting research data system and conduct technique 
development for crop development stage and area estimation. Initiate development of crop spectral inputs for 
yield model development. 

Soil Moisture Project: continue field measurements with ground sensors to obtain a better understanding of 
the basic measurement capabilities. Continue analysis of 1978 Colby, Kansas, aircraft data sets, and 
continue profile modeling of root zone soil moisture. 

Domestic Crop/Land Cover, Renewable Resources Inventory, and Conservationii’ollution Projects: conduct 
limited start-up activities in these areas to prepare for conduct of pilot tests in FY 1981. 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The FY 1980 estimate for AgRISTARS has not changed in total, but some adjustments have been made in the 
estimates for Foreign Commodity Production Forecasting, Supporting Research, and other research tasks to 
provide necessary support to the interagency research in the Conservation/Pollution, Domestic Crops/ Land 
Cover, and Renewable Resources Inventory Projects, 

BASIS OF FY 1981 ESTIMATE: 

The FY 1981 focus within the elements of the AgRISTARS program are: 

Early Warning/Commodity Condition Assessment Project: 
niques to quantify the damage to spring wheat caused by wind and/or excessive water; and, initiate R&D 
for rice, cotton, soybeans, corn and small grains. Initiate pilot tests in water stress assessment, 
adverse temperaturelwind alarms for small grains and snow cover estimates. 

expand FY 1980 activities to develop and test tech- 

Foreign Commodity Production Forecasts Project: expand FY 1980 activities to conduct and evaluate pilot 
tests of techniques to forecast corn and soybean production in Indiana, Illinois and Iowa and to test 
and evaluate spring wheatlbarley technology in the Northern United States Great Plains and Canadian test 
sites; and, to design experiments for corn/soybeans in Brazil; wheat, corn and soybeans in Argentina, and 
barley in USSR. Conduct problem solving for Australian wheat area determination. 

Supporting Research Project: develop research geocoded data base for historic, agronomic and remotely- 
sensed data. Conduct initial technique development for crop stage and area determination and test in 
the United States for rice/corn/soybeans; in Argentina for wheat/corn/soybeans; in Brazil for corn/soybeans; 
and in the USSR for barley. Continue development of spectral inputs for yield models for wheat, barley, 
corn and soybeans. 
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o Soil Moisture Project: conduct a major aircraft test to evaluate remote sensing determination of soil 
moisture in other climate conditions such as the humid east coast environment; and, continue root zone 
soil moisture profile modeling and conduct analysis of measurement effects such as vegetation cover, 
surface roughness, and soil type, etc., on remotely-sensed soil moisture measurements. 

o Domestic CropfLand Cover Project: provide major crop area determination in Iowa and Kansas and expand to 
two additional states to reduce variance of commodity forecasts in those states; and, develop techniques 
to improve efficiencies for full Landsat frame analysis. 

o Renewable Resources Inventory Project: continue multi-resources inventory pilot tests and initiate new 
areas of research to conduct inventories and monitoring activities required by the Resources Protection 
Act. 

o Conservation/Pollution Project: complete research and development activities required prior to FY 1982 
pilot test of hydrologic watershed model and snowpack assessment model; and, continue development of water 
basin scale pollution model using remote sensing inputs. Initiate air pollution studies to determine 
effects on crops. 
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BASIS OF FY 1981 FUNDING REQUIREMENTS: 

ENVIRONMENTAL OBSERVATIONS PROGRAM 

1980 1981 
1979 Budget Current Budget Page 

Actual Estimate Estimate Estimate No. 
(Thousands of dollars) 

Upper atmospheric research program...... (14,500)fr 13 , 000 1 2  , 500 13 , 500 RD 7-32 
Applied research and data analysis ...... 33,726 49,900 48,670 56,400 RD 7-34 

Shuttle/Spacelab payload development .... 7,750 
Operational satellite improvement 

Earth radiation budget experiment.... ... 7,000 

Extended mission operations.. ........... 1,250 
National oceanic satellite system....... --- 
Tiros-N.... ............................. 1 , 200 

SEASAT.. ................................ 3,500 

program........ ....................... 6,100 

Halogen occulation experiment ........... 3,600 

Nimbus-?.. .............................. 3,624 

Total .................... 67,750 

9 , 600 

7,400 
23 , 000 

8,000 
5 , 800 --- 
--- 

500 
---  

9 , 600 

7,400 
17 , 000 
8 , 000 
5 , 800 --- 
---  

500 
--- 

8 , 200 RD 7-39 

10 , 700 RD 7-42 
RD 7- 43  

6 , 000 RD 7-44 
8,000 RD 7-45 
5,800 RD 7-46 

29,000 

--- 

117,200 109,470 137,600 

*Program transferred from Space Science to Space Applications, January 1979; FY 1979 funding 
not included in total. 

OBJECTIVES AND STATUS : 

Understanding the dynamics and limitations of our environment is essential to long-term survival and impor- 
tant to many day-to-day activities. The objectives of NASA's Environmental Observations program are to 
improve the understanding of processes at work in the atmosphere and oceans, to provide space observation of 
parameters involved in these processes, to extend the capabilities to predict environmental phenomena and to 
assess their interaction with human activities. The interactions among the processes and the interrelation- 
ship of the atmosphere, ocean, land and space environments can only be fully studied on a global basis from 
space. The application of remote sensing from space to environmental studies and services is the focus of 
the program. 
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To meet t h e  o b j e c t i v e s ,  a number of program elements  are pursued i n  r ea sonab le  ba lance .  They inc lude :  
(1) r e s e a r c h  and development e f f o r t s ;  (2)  t h e  development and demons t ra t ion  of  new t echn iques ;  (3) r e s e a r c h  
and demons t ra t ion  f l i g h t  miss ions ;  and, (4 )  o p e r a t i o n a l  p ro to types  and demons t ra t ions  i n  suppor t  of o t h e r  
agenc ies .  

A number of s i g n i f i c a n t  even t s  have occur red  i n  t h e  p a s t  two y e a r s  and o t h e r s  are planned i n  t h e  on-going 
program. Three r e sea rch /demons t r a t i on  s a t e l l i t e s  w e r e  launched i n  1978 and 1979 (SEASAT, Nimbus-7 , and SAGE). 
N i d u s - 7  and SAGE c o n t i n u e  t o  o p e r a t e ,  and t h e  SEASAT d a t a  i s  p rov id ing  t h e  b a s i s  f o r  a number of new e f f o r t s ,  
i n c l u d i n g  a major new i n i t i a t i v e ,  t h e  Na t iona l  Oceanic S a t e l l i t e  System (NOSS). Three o p e r a t i o n a l  s a t e l l i t e s  
w e r e  p l aced  i n  o r b i t  f o r  t h e  Nat iona l  Oceanic and Atmospheric Admin i s t r a t i on  (NOAA) i n  1978 and 1979 (Tiros-N, 
NOM-A, and GOES-3). 
O c c u l t a t i o n  Experiment .(HALOE) w i l l  be launched i n  1982 and 1983, and t h e  Ea r th  Rad ia t i on  Budget  Experiment (ERBE) 
i n s t rumen t  w i l l  f l y  on two NOAA me teo ro log i ca l  s a t e l l i t e s  and a NASA ded i ca t ed  s p a c e c r a f t  over  t h e  1983-1985 
t i m e  f rame . 

These con t inue  t o  p rov ide  e x c e l l e n t  s e r v i c e  t o  t h e  N O M  weather  f o r e c a s t e r s .  The Halogen 

NASA c o n t i n u e s  t o  s t u d y  t h e  upper atmosphere and s t r a t o s p h e r i c  a i r  q u a l i t y  w i t h  t h e  o b j e c t i v e  of expanding 
our  unders tanding  of t h e  upper atmosphere and deve lop ing  ou r  a b i l i t y  t o  assess p o t e n t i a l  t h r e a t s  t o  t h e  ozone 
l a y e r .  The program combines f i e l d  measurements from ground, a i r c r a f t ,  ba l l oon  and r o c k e t  p l a t fo rms ;  l a b o r a t o r y  
s t u d i e s ;  t h e o r e t i c a l  s t u d i e s ;  and d a t a  a n a l y s i s .  I n  t h e  p a s t  few y e a r s ,  NASA and o t h e r s  have measured key 
s p e c i e s  involved  i n  ozone photochemistry and now have adequa te  i n fo rma t ion  t o  beg in  comparisons of  f i e l d  d a t a  
w i th  mathematical  models. These comparisons w i l l  be a major advancement i n  unders tanding  t h e  chemis t ry  of 
t h e  s t r a t o s p h e r e .  Advanced p lanning  i n c l u d e s  t h e  u se  of r e s e a r c h  s a t e l l i t e s  f o r  t h e  s imultaneous and g l o b a l  
s t u d y  of  t h e  r a d i a t i v e ,  chemical ,  and dynamics p roces se s  occu r r ing  i n  t h e  upper atmosphere.  

It i s  now clear t h a t  a i r  p o l l u t i o n  problems m u s t  be  so lved  on a r e g i o n a l  b a s i s ,  and t h a t  g l o b a l  chemical  
budgets  (such as carbon monoxide) act  bo th  as t r a c e r s  of t r a n s p o r t  p roces se s  and as a background f o r  r e g i o n a l  
even t s .  Because remote s e n s i n g  o f f e r s  t h e  r e q u i s i t e  l a r g e  s p a t i a l  p e r s p e c t i v e ,  t h e  NASA R&D e f f o r t s  i n  a i r  
q u a l i t y  and chemis t ry  i n c l u d e  j o i n t  suppor t  of  f i e l d  i n v e s t i g a t i o n s  w i th  t h e  Environmental P r o t e c t i o n  Agency 
and t h e  Na t iona l  Sc ience  Foundat ion t o  focus on t h e s e  two areas. F i e l d  a n a l y t i c a l  and l a b o r a t o r y  s t u d i e s  
w i l l  c o n t i n u e  t o  emphasize t h e  g l o b a l  carbon-ni t rogen-ozone and sulfur- ammonia- aerosol  chemical systems. 
NASA and t h e  Environmental P r o t e c t i o n  Agency (EPA) have developed a c o o p e r a t i v e  p l a n  t o  demonstrate  s y n o p t i c  
coverage of  r e g i o n a l  a i r  p o l l u t i o n  u s ing  s a t e l l i t e  d a t a .  

To p rov ide  improved systems f o r  f u t u r e  o p e r a t i o n a l  s a t e l l i t e  miss ions ,  NASA's g l o b a l  weather  a c t i v i t i e s  i n c l u d e  
bo th  t h e  a n a l y s i s  of  i n t e n s i v e  me te ro log i ca l  obse rva t i ons  and t h e  development of improved senso r s  and c a l c u l a -  
t i o n  techniques .  The Global  Atmospheric Research Program (GARP) Global  Weather Experiment conducted i n  1979 
p rov ides  a unique s e t  of  d a t a  t h a t  has  never  b e f o r e  e x i s t e d  f o r  r e s e a r c h  purposes .  
models a r e  now a b l e  t o  u t i l i z e  s a t e l l i t e  d a t a ,  and some of t h e  r e s u l t s  show marked improvements (up t o  20% 
improvement w i t h  SEASAT wind f i e l d s ) .  Improved models are be ing  i n v e s t i g a t e d ,  and r e s e a r c h  i s  be ing  conducted 
on improved tempera ture  sounders ,  s u r f a c e  p r e s s u r e  i n s t rumen t s ,  p a s s i v e  and act ive microwave mo i s tu r e  s e n s o r s ,  
wind s e n s o r s ,  and r a i n f a l l  measurement techniques .  

NASA's numer ica l  f o r e c a s t  
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Severe  s torms,  to rnadoes ,  damaging downdraf ts ,  and d e s t r u c t i v e  cloud- to-ground l i g h t n i n g  are t h e  focus  of a 
group o f  ac t iv i t i es  i n  t h e  Severe  Storms program aimed a t  improving bo th  o b s e r v a t i o n  and f o r e c a s t i n g  of  such 
even t s .  
Experiment (SESAME) program conducted i n  1979 - ano the r  unique se t  of d a t a  f o r  r e sea rch .  
model l ing e f f o r t s  f o r  f o r e c a s t  improvement w i th  machine i n t e r a c t i v e  systems w i l l  l e a d  t o  a j o i n t  p r o j e c t  w i th  
NOAA a t  t h e i r  Nat iona l  Severe  Storm Forecas t  Center .  This i s  s i m i l a r  t o  t h e  s u c c e s s f u l  NOAAINASA f r o s t - f r e e z e  
warning sys tem demons t ra t ion  i n  F l o r i d a .  
development f o r  improved wind measurement and an  improved me teo ro log i ca l  t empera ture  and mo i s tu r e  sounder now 
be ing  i n s t a l l e d  on GOES-D w i l l  be  eva lua t ed  i n  FY 1981. 

Such s t u d i e s  w i l l  use  the remote ly  sensed d a t a  from t h e  Severe  Environmental Storms and Mesoscale 
Ongoing mesoscale  

The performances of  an a i r c r a f t  Doppler l i d a r  system now under 

NASA, DOD, N O M  and t h e  oceanographic  s c i e n c e  community have r e a l i z e d  t h e  tremendous p o t e n t i a l  t h a t  s a t e l l i t e s  
may b r i n g  t o  t h e  s t u d y  of  t h e  wor ld ' s  oceans.  The obse rva t i ons  c o l l e c t e d  du r ing  99 days of SEASAT o p e r a t i o n  
are c u r r e n t l y  be ing  used i n  many ocean i c  and ice s t u d i e s  and p rov ide  t h e  b a s i s  f o r  a major new i n i t i a t i v e  
(NOSS). The SEASAT, Nimbus and Geodynamic Experimental  Ocean S a t e l l i t e  (GEOS) d a t a  have a l s o  po in t ed  toward 
o p p o r t u n i t i e s  f o r  f u t u r e  miss ions .  NASA is  beginn ing  t o  i n v e s t i g a t e  methods t o  o b t a i n  g l o b a l  ocean s u r f a c e  
topography and measurements of t h e  p o l a r  ice  caps ,  t h e  ice  s h e e t s  and snow - t h e  l a r g e s t  s i n g l e  y e a r l y  environ-  
mental v a r i a b l e s  on Ea r th .  

The SEASAT s e n s o r s  performed so w e l l  (winds t o  2 2m/sec., s i g n i f i c a n t  wave h e i g h t  t o  
s u r f a c e  e l e v a t i o n  t o  _+ 10 cm. o r  b e t t e r )  t h a t  NOAA, DOD and NASA are j o i n t l y  proposing a major new i n i t i a t i v e  
i n  FY 1981 - t h e  Nat iona l  Oceanic S a t e l l i t e  System (NOSS). NOSS i s  a l i m i t e d  o p e r a t i o n a l  demons t ra t ion  con- 
s i s t i n g  o f  two ocean-viewing s a t e l l i t e s  w i th  a f u l l  ground d a t a  system t h a t  p rovides  near  r ea l- t ime  informat ion  
t o  t h e  o p e r a t i o n a l  agenc i e s .  NOSS w i l l  p rov ide  v a l u a b l e  i n fo rma t ion  on g l o b a l  wind f i e l d s ,  s e a  s ta te  (wave 
h e i g h t  and spectrum),  sea  s u r f a c e  tempera ture ,  i c e  coverage,  and ocean c o l o r .  By r e t r o s p e c t i v e  a n a l y s i s ,  t h e  
SEASAT d a t a  now shows t h a t  such i n fo rma t ion  w i l l  m a t e r i a l l y  a i d  sh ipp ing ,  f l e e t  o p e r a t i o n s ,  marine r e sou rce  
management and e x t r a c t i o n  and numerous commercial ven tu re s .  

lo%, and l o c a l  sea 

I n  suppor t  o f  t h e  Na t iona l  C l i m a t e  Program, NASA i s  involved  i n  t h o s e  long- te rm g l o b a l  measurements and 
r e s e a r c h  areas where space  systems can p rov ide  a s i g n i f i c a n t  c o n t r i b u t i o n  t o  ach i ev ing  a b e t t e r  unders tanding  
of  c l i m a t o l o g i c a l  p roces se s .  The e a r t h ' s  r a d i a t i o n  budget w a s  e s t a b l i s h e d  e a r l y  as one such area, and t h e  
Ea r th  Rad ia t i on  Budget Experiment (ERBE) i s  an  on-going f l i g h t  program aimed a t  s tudy ing  t h e  g l o b a l  dynamics 
o f  t h i s  p o r t i o n  of  t h e  atmosphere.  S p e c i a l  s t u d i e s  are underway r ega rd ing  air-sea i n t e r a c t i o n s ,  hyd ro log i ca l  
p roces se s ,  c ryosphe r i c  p roces se s ,  and a e r o s o l  e f f e c t s .  C l i m a t e  s e n s i t i v i t y  models now under development and 
t h e  on-going p i l o t  d a t a  base  management s t u d y  f o r  p r e c i p i t a t i o n  and sea i c e  w i l l  be eva lua t ed  i n  FY 1981. 

Bui ld ing  on t h i s  r e s e a r c h  base ,  t h e  major t h r u s t s  i n  FY 1981 i n  NASA's Environmental Observa t ions  program are 
t o :  (1) i n i t i a t e  a j o i n t  N O M ,  NASA and DOD program f o r  demons t ra t ion  of  an  o p e r a t i o n a l  system f o r  ocean 
moni tor ing ;  (2)  improve t h e  unders tanding  of t h e  phys i c s  and chemis t ry  of t h e  stmosphere and d e t e c t  any g loba l  
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changes i n  s t r a t o s p h e r i c  ozone; ( 3 )  improve o p e r a t i o n a l  measurements of a tmospher ic  tempera ture ,  mois ture ,  
p r e s s u r e s ,  winds, and p r e c i p i t a t i o n ;  (4) de te rmine  t h e  dynamic behavior  of  water and i c e  ( c o s t a l  zone and deep 
ocean) ;  and, (5)  v a l i d a t e  s e v e r e  s to rm i n d i c a t o r s  and p r e c u r s o r s .  

Upper Atmospheric Research 

1980 1981 
1979 Budget Cur r en t  Budget 

Actua l  E s t i m a t e  E s t i m a t e  Estimate 
(Thousands o f  D o l l a r s )  

........................................ Research suppor t . .  (12,900) 11,400 10  , 900 12,400 

Spacelab payload d e f i n i t i o n  ( 6 0 0 )  500 500 
. . . . . . . . . . . . . . . .  Uoper a tmospheric  r e s e a r c h  b a l l o m  program (1,000)  1,100 1,100 1 ,100  ............................... --- - 

............................. 13,500 (14,500)* 13,000 12,500 To ta l .  

3kProgram t r a n s f e r r e d  from Space Sc ience  t o  Space App l i ca t i ons ,  January  1979 

OBJECTIVES AND STATUS : 

The Upper Atmospheric Research Program w a s  fo rmula ted  i n  compliance w i th  a Congress iona l  mandate t o  NASA t o  
develop and implement a comprehensive program of  r e s e a r c h ,  technology and moni tor ing  of  t h e  phenomena o f  t h e  
upper annosphere.  
atmosphere and t h e  methods needed t o  main ta in  i t s  chemical and p h y s i c a l  i n t e g r i t y .  

The r e s u l t i n g  program i s  aimed a t  improving b a s i c  s c i e n t i f i c  unders tanding  of  t h e  upper 

I n  p a r t i c u l a r ,  t h e  goa l  of  t h e  program is  the  improved p r e d i c t i o n  of man's impact upon t h e  ozone l a y e r  and 
t h e  e f f e c t s  of  changes i n  t h e  upper atmosphere upon our  environment.  I n  o r d e r  t o  accomplish t h i s ,  e f f o r t s  
are underway: (1) t o  improve upper a tmospheric  models, v a l i d a t e  them and assess t h e i r  u n c e r t a i n t i e s ;  (2)  t o  
measure minor chemical c o n s t i t u e n t s ,  t empera ture ,  and r a d i a t i o n  f i e l d s ;  ( 3 )  t o  develop s e n s o r s  capab l e  of  
remote ly  s e n s i n g  a l l  a s p e c t s  o f  t h e  upper atmosphere from space ;  ( 4 )  t o  assemble and main ta in  t h e  e x i s t i n g  
long- term d a t a  ba se  o f  s t r a t o s p h e r i c  ozone measurements and long- t ime scale n a t u r a l  v a r i a t i o n s  i n  o r d e r  t o  
d e t e c t  man-made ozone changes; and (5)  t o  c a r r y  o u t  l a b o r a t o r y  k i n e t i c s  and spec t roscopy  s t u d i e s  t o  suppor t  
t h e s e  a c t i v i t i e s .  

S i g n i f i c a n t  s imul taneous  measurements of numerous s t r a t o s p h e r i c  s p e c i e s  and s e v e r a l  coord ina ted  ba l l oon  
f l i g h t s  have been completed which p rov ide  v a l i d a t i o n  f o r  some of  t h e  p r e d i c t e d  1-dimensional  model r e s u l t s .  
R e s u l t s  from t h e o r e t i c a l  s t u d i e s  have emphasized t h e  c l o s e  coup l ing  o f  t h e  n i t r o g e n ,  hydrogen and c h l o r i n e  
compounds. New l a b o r a t o r y  r e s u l t s  have provided improved d a t a  r e q u i r e d  f o r  models and t h e  i n t e r p r e t a t i o n  
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from our field measurements program. New measurement techniques have been demonstrated. A reaction rate 
panel has been established. An extensive workshop has assessed the status of the ozone depletion problem 
(current steady state CFM ozone depletion will be about 18%) and planning is underway for an Upper Atmospheric 
Research Satellites ( d R S )  program to provide a comprehensive investigation of the energetics , composition, 
and dynamics of the stratosphere and mesosphere. 

The balloon support program supports instrument development and testing, and provides for a large number of 
direct and remote atmospheric measurements in the altitude range up to about 45 kilometers. 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The decrease of $500 thousand in the Upper Atmospheric Research Program reflects an internal adjustment of 
funds for the procurement of the ER-2 aircraft. The increased range and payload capability of the ER-2 as 
compared to the U-2 aircraft is especially important to studies in the upper atmosphere. 
the ability to acquire data concerned with stratosphere-troposphere exchange and aerosol processes. 
adjustment of Upper Atmospheric Research resources recognizes that the ER-2 will provide needed capabilitv 
for study of potentially important exchange regions such as the Southeast Asia monsoon area and the Antarctic, 
and for study of the effect of tropical cloud processes on stratosphere-troposphere exchange. 

It will enhance 
This 

BASIS FOR FY 1981 ESTIMATE: 

During FY 1981, NASA will continue the assessment and evaluation of man-made and natural perturbations of  the 
stratospheric ozone layer. The development of models which couple radiative, dynamic, and chemical processes 
will continue; the confirmation of chemical mechanisms by simultaneous measurements of stratospheric trace 
species will be extended; improvements in the laboratory kinetics and spectroscopy data base will be sought; 
and new and improved techniques will be developed for detecting additional trace species and remotely 
measuring winds. The research program will be extended into the mesosphere because knowledge of the coupling 
between the mesosphere and the stratosphere is necessary for understanding the complex interactions between 
radiation, chemistry, and dynamics in the upper atmosphere, and the relationship between solar variations 
and terrestrial weather and climate. Feasibility and definition studies for a future Upper Atmosphere Research 
Satellites (UARS) program will be continued. 

The balloon program will be continued at a level of approximately 45 flights per year and will provide key 
measurements of the photochemically active trace species important in the stratospheric ozone balance. 
Evaluation and selection of atmospheric experiments for follow-on Spacelab missions will be completed. Defini- 
tion studies for a Spacelab Light Intensification Detection and Ranging (LIDAR) system and a cryogenically- 
cooled, limb-scanning interferometer radiometer (CLIR) will be continued. These studies will continue 
our progress towards developing the spaceborne active and passive measurement capability to provide the global 
data on trace species, dynamic processes, and meteorological parameters needed in understanding the atmosphere. 
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Applied Research and Data Ana lys i s  (Environmental  Observa t ions )  

Applied r e s e a r c h  and data  a n a l y s i s  i n :  
S t r a t o s p h e r i c  a i r  q u a l i t y  . . . . . . . . . . . . . .  
Tropospher ic  a i r  q u a l i t y  . . . . . . . . . . . . . . .  
Global  weather  ( i n c l u d i n g  GARP) . . . . . . . .  
Severe  s torms.  . . . . . . . . . . . . . . . . . . . . . . . . .  
Ocean p rocesses  ( i n c l u d i n g  wate r  

q u a l i t y  f o r  FY 1980 and beyond).  . . . . .  
C l i m a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
System ’85 d e f i n i t i o n  . . . . . . . . . . . . . . . . . .  
N a t i o n a l  ocean ic  s a t e l l i t e  sys tem 

(NOSS) d e f i n i t i o n  .................... 

1980 
1979 Budget Cur ren t  

E s  t ima t e Ac tua l  E s  t ima t e 
(Thousands of D o l l a r s )  

6 , 636;’~ 
8 ,239 
3 ,382 

9 , 895 
4,489 --- 
1 , 085 

4 ,800 
4,400 

10 , 700 
5 ,200 

13,300 
8,500 
1,500 

1 ,500 

4 , 800 
4,400 

10 , 600 
5 , 200 

13 , 140 
8,400 
--- 

2 , 130 

T o t a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33,726 49,900 48,670 

“ Inc ludes  a l l  environmental  q u a l i t y :  t r o p o s p h e r i c ,  s t r a t o s p h e r i c  and water.  

1981 
Budget 

E s  t ima t e 

5 , 800 
5,400 

11,600 
6,600 

17,600 
9,400 
- - -  

56,400 
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OBJECTIVES AND STATUS: 

The Applied Research and Data Analysis (AR&DA) program is the foundation for NASA's activities in Environmental 
Observation. It supports the basic studies that result in the understanding of the phenomena and processes 
of the atmosphere and oceans and their interactions. In the AR&DA program, hardware concepts are developed 
to produce sensors and instruments for demonstration; advanced studies are conducted for the definition of 
new systems and missions; and support is provided for the transfer of new technology to the user community. 
An integrated program, it focuses on the interrelationship among the classically diverse fields of meteorology, 
climatology, atmospheric chemistry, atmospheric physics and oceanography. 

Capitalizing on the global perspective of space, the AR&DA program objectives are to study tropospheric and 
stratospheric chemical composition and pollution; to model the radiative budget of our planet; to improve 
numerical weather prediction; to determine the morphology of lightning and severe storm occurrence; and to 
develop and demonstrate a capability for remotely sensing near-surface properties of the ocean and to relate 
these properties to characteristics in both the atmosphere above and ocean below the air-sea interface. To 
study the climate, NASA takes a long-term perspective of the phenomena of the atmosphere and oceans with the 
objective of defining the data requirements, and interpreting the global data sets obtained from spaceborne 
platforms. Such data will be important in developing a long-term predictive capability. 

To a varying extent, each of the elements of the program supports the development and demonstrations of remote 
sensing technology; the development of algorithms to extract geophysical parameters from remotely acquired 
data; suborbital and ground-based experiments to measure fundamental properites and processes of the environ- 
ment and provide a base for remote sensor development; fundamental research into the processes at work in the 
environment; and the development of models which express the current understanding of all or part of this 
system and provide a predictive capability. 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

Funding in FY 1980 has been reduced by $1,230 thousand, largely by deferring studies of the next generation 
meteorological satellite system (System 85) for two years following NOAA's decision to extend the present 
operational weather satellite system for the near future. These funds were applied to the Airborne Instrumen- 
tation Research Program to support the North Sea Experiment (NORSEX) which is part of the SEASAT data utilization 
activities ($200 thousand); to purchase an ER-2 aircraft to enhance data collection capabilities requtred by 
Environmental Observations programs ($900 thousand); ana t o  the general reduction to the R&D budget request by the 
Congress ($130 thousand). Internal reallocations provided for an increase in the planned funding for National 
Oceanic Satellite System (NOSS) definition activities to support earlier studies of instruments and algorithms 
where some extra development is required. 
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BASIS FOR THE FY 1981 ESTIMATE: 

The FY 1981 ARGrDA program w i l l  i n c l u d e  bo th  t h e  c o n t i n u a t i o n  of  and t h e  l o g i c a l  ex t ens ions  from p r e s e n t  
a c t i v i t i e s .  
r e p r e s e n t s  a major new area of a p p l i c a t i o n  o f  space  technology.  A l l  of t h e  program areas w i l l  con t inue  
l a b o r a t o r y  r e s e a r c h ,  numer ica l  model l ing,  f i e l d  r e s e a r c h ,  ins t rument  development and s t u d i e s  of  f l i g h t  miss ions .  

P a r t i c u l a r  emphasis i s  be ing  p laced  on ocean p roces se s  AK&DA because remote s ens ing  of  t h e  oceans 

The s t r a t o s p h e r i c  a i r  q u a l i t y  program w i l l  con t inue  t o  focus  on t h e  impact  o f  ozone p e r t u r b a t i o n  on s t r a t o -  
s p h e r i c  chemis t ry .  I n  FY 1981, emphasis w i l l  be  on suppor t  of s a t e l l i t e  miss ions  and measurements and ana ly se s  
focused s p e c i f i c a l l y  on ozone. This work w i l l  complement t h e  e f f o r t s  on ozone s tudy  be ing  conducted i n  t h e  
Upper Atmospheric Research program. Ground t r u t h  f o r  a n a l y s i s  of  t h e  Nimbus-7 and SAGE obse rva t i ons  and f o r  
t h e  NOAA tempera ture  soundings w i l l  be  suppor ted .  
t r a n s p o r t  and model v e r i f i c a t i o n .  
ground-based ozone measurement system. An advanced laser he te rodyne  spec t rome te r ,  CLIR,  and LIDAR ins t rumen t s  
w i l l  be  s t u d i e d  f o r  f u t u r e  f l i g h t s  on S h u t t l e .  

S a t e l l i t e  ozone d a t a  w i l l  be  analyzed f o r  t r e n d s ,  v a r i a b i l i t y ,  
New developments i n c l u d e  an  ozone c a l i b r a t i o n  f a c i l i t y  and an  improved 

I n  t r o p o s p h e r i c  a i r  q u a l i t y  r e s e a r c h ,  emphasis w i l l  be  p laced  on Environmental P r o t e c t i o n  Agency (EPA) 
i n t e r e s t s  i n  r e g i o n a l  p o l l u t i o n  problems and on g l o b a l  chemical  c y c l e s .  The l a t t e r  w i l l  i n c l u d e  a j o i n t  f i e l d  
experiment  t o  be  performed wi th  t h e  Nat iona l  Sc ience  Foundat ion (NSF). Ai rborne  laser s e n s o r s  and imagery 
from sa t e l l i t e  systems w i l l  be  used i n  t h e  j o i n t  EPA s t u d y  of  P e r s i s t e n t  E leva ted  P o l l u t i o n  Episodes (PEPE) 
i n  t h e  n o r t h e a s t e r n  United S t a t e s .  NASA i n - s i t u  and remote s enso r s  w i l l  be u t i l i z e d  f o r  t h e  f i r s t  t i m e  i n  t h e  
NSF'S Globa l  Atmospheric Measurement Experiment of  Tropospheric  Aeroso ls  and Gases. 
and f i e l d  s t u d i e s  w i l l  be  conducted t o  improve our  unders tanding  of  man's impace on the  atmosphere,  w i th  
emphasis on t h e  g l o b a l  carbon-ni t rogen-ozone and sulfur- ammonia- aerosol  geochemical c y c l e s .  

A n a l y t i c a l  l a b o r a t o r y  

During t h e  p a s t  yea r ,  NASA, NSF, NOAA and o t h e r s  p a r t i c i p a t e d  i n  t he  s u c c e s s f u l  GARP Global  Weather Experi-  
ment which w a s  completed i n  December 1979. I n  FY 1981, emphasis i n  g l o b a l  weather  w i l l  be  on complet ing 
s t u d i e s  on t h e  d a t a  sets c o l l e c t e d ,  and a s s e s s i n g  requi rements  f o r  improved o p e r a t i o n a l  f o r e c a s t i n g .  Simula- 
t i o n  and s e n s i t i v i t y  s t u d i e s  w i l l  b e  performed t o  d e f i n e  f u t u r e  remote measurement requi rements .  
pu r sue  t h e  development of  a number of  improved remote me teo ro log i ca l  sounders ,  i nc lud ing  (1) advanced p a s s i v e  
tempera ture  and p r e s s u r e  concepts  i n  t h e  i n f r a r e d  and microwave r eg ions ,  (2) advanced techniques  t o  d e r i v e  
r a i n f a l l  over  l and ,  and (3 )  assessment  of  microwave mo i s tu r e  soucders  and l i d a r  t echniques  t o  measure tempera- 
t u r e  and p r e s s u r e  p r o f i l e s .  Support  w i l l  b e  provided f o r  an advanced a r r a y  p roces so r  t o  i n v e s t i g a t e  and a s s e s s  
t h e  impact on f o r e c a s t  accuracy  of bo th  p o l a r  o r b i t e r  and g e o s t a t i o n a r y  s a t e l l i t e  obse rva t i ons .  Experiments 
w i l l  b e  conducted t o  examine i n s t a b i l i t y  development and wave p ropaga t i on  i n  a s p h e r i c a l ,  s t r a t i f i e d  atmos- 
p h e r i c  model. 

NASA w i l l  

I n  FY 1981, t h e  NASA s e v e r e  s torms r e s e a r c h  w i l l  s uppor t  s t u d i e s  t o  measure convec t i ve  s to rm i n t e n s i t y ,  
t r o p i c a l  cyc lone  motion and i n t e n s i f i c a t i o n ,  f l a s h  f l ood  p o t e n t i a l ,  and t h e  r e l a t i o n s h i p  of l i g h t n i n g  t o  
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thunderstorm development. Other severe storm research will include efforts to improve the basic understanding 
of storm development and the specific conditions which initiate storms, tornadoes, and damaging downdrafts, 
and produce destructive cloud-to-ground lightning. 
environments will be supported in order to enhance capabilities in computerized forecasting. The program 
will support forecast improvement on both NASA and NOAA man-interactive systems including installation of a 
Centralized Storm Information System (CSIS) at NOM'S Kansas City facility. Two new measurement techniques 
will be assessed with flights and ground truth in FY 1981. 
Radiometer Atmospheric Sounder (VAS) to be flown on GOES-D and an airplane-mounted doppler lidar for mapping 
wind fields around storms. 

Efforts in the numerical modelling of storms and their 

These are the Visible and Infrared Spin Scan 

In FY 1981, investigations into general oceanic circulation will provide a basis for viewing the larger-scale 
topography of the sea surface via radar altimetry. The studies will examine the dependence of altimetry on 
factors such as surface wave height, and derive the surface current field by combining surface topography with 
knowledge of the gravity field and precise orbit. Just as a knowledge of the wind velocity field is central 
to understanding the dynamics of the atmosphere, a knowledge of the surface current field is central to under- 
standing ocean dynamics, as well as predicting the ocean's effect on climate variations, pollutant dispersal, 
etc. Emphasis in FY 1981 will be on using SEASAT and GOES-3 altimetry data to initiate studies of detailed 
surface topography in the northwest Atlantic where geoid is accurately known; exploring ways to combine 
altimetry-derived surface topography with models of oceanic circulation; examining follow-on altimetry mission 
concepts using the Globa l  Positioning System (GPS) for precise orbit determination; and, completing definition 
studies for a combined topography/gravity mission. 

Air-sea interaction investigations will provide an observational basis for further understanding the smaller- 
scale conditions across the sea surface boundary utilizing both active (scatterometry and synthetic aperature 
radar) and new passive (radiometry) microwave techniques; and will determine the detailed dependence of such 
techniques on rain, water vapor, foam, surface temperature, and surface roughness. Such an improved obser- 
vational capability will benefit both shorter-term weather forecasting as well as leading to a longer-term 
understanding of the ocean's role in climate. 
explore the limitations on deriving near-surface conditions. Work will be initiated on production of an atlas 
containing detailed SEASAT Synthetic Aperature Radar (SAR) ocean imagery, and on planning and executing SAR 
field evaluations to be sponsored jointly by the Office of Naval Research and the National Science Foundation. 
A coordinated plan, including land and ice applications, will be developed for a SAR instrument to be flown on 
Shuttle. 

Data from both Nimbus-7 and SEASAT instruments will be used to 

Studies of coastal and inland waters will establish an observztional basis for viewing water characteristics, 
primarily water col.or, and to use this information to permit the monitoring of pollutants, sediment transport, 
biological productivity, and water motion. The FY 1981 contribution to these goals will include completion 
of stxdies to evaluate the ability of the Nimbus-7's coastal zone color scznner to characterize biological 
productivity; completion of evaluation of an experiment utilizing remote sensing techniques to observe a 
controlled oil spill; and initiation of development of a ship-borne laser system to evaluate the performance 
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of f u t u r e  a i r c r a f t  and s a t e l l i t e  c o l o r  scanners  f o r  b i o l o g i c a l  monitor ing.  

Sea and g l a c i e r  i c e  s t u d i e s  i n v o l v e  us ing  a v a r i e t y  of  a c t i v e  and p a s s i v e  microwave techniques  t o  ass i s t  i n  
making an  unambiguous assessment  of  ice  c h a r a c t e r i s t i c s  such as pe rcen t  cover ,  t h i cknes s ,  age,  and motion. 
I n  a d d i t i o n  t o  p rov id ing  a b a s i s  f o r  unders tanding  t h e  r e l a t i o n  of v a r i a t i o n s  i n  ice/snow cover  w i th  c l i m a t e  
v a r i a t i o n s ,  i ce- observ ing  c a p a b i l i t i e s  are needed f o r  numerous comnercial- ven tu re s  ( sh ipping ,  petroleum, e t c . )  
i n  n e a r - p o l a r  r eg ions .  Nimbus-7 and SL4SAT d a t a  are be ing  used f o r  t h i s  r e sea rch .  Add i t i ona l  t a s k s  i n c l u d e  
p roduc t i on  of  an  a t las  o f  SEASATISAR i c e  imagery, i n i t i a t i o n  of a s t u d y  u s ing  SEASATISAR imagery t o  e v a l u a t e  
t h e  performance of  models t o  p r e d i c t  deformat ion  of  t h e  i ce  f i e l d  under t h e  i n f l u e n c e  of t h e  s u r f a c e  wind 
f i e l d ,  and complet ion of d e f i n i t i o n  s t u d i e s  f o r  i n c o r p o r a t i o n  of i c e - s p e c i f i c  i n s t rumen t s  on f u t u r e  sa te l l i t es .  

Marine boundary l a y e r  s t u d i e s  w i l l  p rov ide  a bases  f o r  improving t h e  use  of r a d a r  s c a t t e r o m e t r y  t o  view t h e  
n e a r - s u r f a c e  wind f i e l d .  S t u d i e s  w i l l  b e  suppor ted  f o r  de te rmin ing  t h e  dependence of  s c a t t e r o m e t r y  wind 
a c c u r a c i e s  on f a c t o r s  such as t h e  s t a b i l i t y  o f  t h e  marine boundary l a y e r ,  and f o r  deve lop ing  improved methods 
f o r  t h e  a s s i m i l a t i o n  of  t h i s  d a t a  i n t o  ocean i c  and atmospheric  f o r e c a s t  models. During FY 1981, when f i n a l  
d a t a  t a p e s  c o n t a i n i n g  a l l  SEASAT/Scatterometer winds become a v a i l a b l e ,  j o i n t  s t u d i e s  w i l l  be  i n i t i a t e d  w i th  
t h e  Navy's F l e e t  Numerical Weather C e n t r a l  on t h e  impact of  SEASAT winds on t h e  accuracy  of  a tmospher ic  
f o r e c a s t s  f o r  bo th  marine and l and  a p p l i c a t i o n s .  Development w i l l  a l s o  be  i n i t i a t e d  on ocean mixed l a y e r  
models capable  of  i n p u t t i n g  SEASAT winds. D e f i n i t i o n  s t u d i e s  w i l l  be conducted t o  exp lo re  op t ions  f o r  f l y i n g  
improved s c a t t e r o m e t e r s  on f u t u r e  miss ions .  

Within t h e  broader  o u t l i n e s  of  t h e  Na t iona l  Cl imate  Program, NASA w i l l  be  t a k i n g  the  l ead  i n  s o l a r  and 
Ea r th  r a d i a t i o n  r e sea rch .  Accordingly,  p a r t i c u l a r  emphasis w i l l  be  p l aced  on t h e  r e c e n t l y  i n i t i a t e d  s p e c i a l  
s t u d i e s  i n  r a d i a t i o n ,  extended c loud ines s  and a e r o s o l  e f f e c t s .  I n  FY 1981, measurements of  t h e  s o l a r  cons t an t  
from t h e  S h u t t l e  w i l l  b eg in  as a major s t e p  i n  developing a long- term program of s o l a r  moni tor ing .  It i s  
expected t h a t  t h e  f i r s t  g l o b a l  d a t a  se t  of  s t r a t o s p h e r i c  a e r o s o l s  from s a t e l l i t e  obse rva t i ons  (Nimbus-7, SAGE) 
w i l l  b e  produced, and t e s t i n g  w i l l  beg in  of t h e i r  importance i n  numer ica l  model s t u d i e s .  
w i l l  con t inue  i n  h y d r o l o g i c a l  and c ryosphe r i c  p roces se s ,  and a i r l s e a  i n t e r a c t i o n s  r ecogn iz ing  t h e i r  importance 
i n  t h e  climate system. 
p roces so r ,  w i l l  focus on s e n s i t i v i t y  s t u d i e s  needed t o  r e f i n e  t h e  requi rements  f o r  f u t u r e  space  obse rva t i ons  
of  climate parameters .  Advanced s t u d i e s  w i l l  be i n i t i a t e d  f o r  new s e n s o r s  t o  measure p r e c i p i t a t i o n ,  s e a  ice, 
and s o l a r  r a d i a t i o n .  

Other s p e c i a l  s t u d i e s  

NASA's  c l i m a t e  model l ing a c t i v i t i e s ,  which w i l l  be  enhanced by u se  of a new a r r a y  
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S h u t t l e / S p a c e l a b  Payload Development (Environmental  Observa t ions )  

Measurement of  a i r  p o l l u t a n t s  from sa t e l l i t e s  (MAPS) .......... 
Atmospheric cloud p h y s i c s  l a b o r a t o r y  (ACPL) ................... 

 program^; ..................................................... 
T o t a l  ........................................................ 

Atmospheric t r a c e  molecules  observed by spec t roscopy  (ATMOS) .. 
P r i n c i p a l  i n v e s t i g a t o r  ins t rument  development and r e f l i g h t  

1980 1981 
1979 Budget Current  Budget 

Ac tua l  E s t i m a t e  E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s )  

500 800 500 100 
3,750 3,200 3,650 600 
3,500 3,400 4,300 2,800 

-- 2,200 1,150 4,700 

7 ,750 9,600 9,600 8,200 

*Formerly inc luded  i n  t h e  Upper Atmospheric Research Program. 

OBJECTIVES AND STATUS: 

The Space T r a n s p o r t a t i o n  System o f f e r s  t h e  o p p o r t u n i t y  f o r  f r e q u e n t ,  s h o r t- d u r a t i o n  f l i g h t s  f o r  ins t ruments  
and a s s o c i a t e d  exper iments .  
o r d e r  t o  c a p i t a l i z e  on t h r e e  impor tan t  f a c e t s :  (1) e a r l y  tests,  checkout and des ign  ref inement  of  remote 
s e n s i n g  i n s t r u m e n t s  whose u l t i m a t e  u s e  is i n  a long- durat ion moni to r ing  system on a f r e e- f l y i n g  s a t e l l i t e ;  
(2) shor t- te rm d a t a  g a t h e r i n g  of a tmospher ic  and environmental  p r o c e s s e s  f o r  b a s i c  reasearch and a n a l y s i s  
where long- term o b s e r v a t i o n s  a r e  n o t  n e c e s s a r y  o r  a r e  i m p r a c t i c a l ;  and (3) r e s e a r c h  i n t o  p r o c e s s e s  which 
cannot be  accomplished e f f e c t i v e l y  i n  ground-based l a b o r a t o r i e s  because  of  t h e  e f f e c t s  of  g r a v i t y .  

The Environmental  Observat ions  Program i s  i n c o r p o r a t i n g  t h i s  new c a p a b i l i t y  i n  

The measurement of a i r  p o l l u t a n t s  from s a t e l l i t e s  experiment i s  a gas f i l t e r  c o r r e l a t i o n  rad iomete r  des igned 
t o  measure t h e  l e v e l s  of  t r o p o s p h e r i c  carbon monoxide and t h e  e x t e n t  of  i n t e r h e m i s p h e r i c  mass t r a n s p o r t  i n  t h e  
lower atmosphere.  The ins t rument  h a s  been developed and i s  p r e s e n t l y  b e i n g  i n t e g r a t e d  on to  a p a l l e t  a t  t h e  
Kennedy Space Center  f o r  f l i g h t  on an e a r l y  S h u t t l e  o r b i t a l  f l i g h t  test .  

The o b j e c t i v e  of t h e  a tmospher ic  t r a c e  molecules  observed by spec t roscopy  experiment i s  t o  make d e t a i l e d  
measurements of gaseous c o n s t i t u e n t s  ( e . g . ,  hydrogen c h l o r i d e ,  water,  ammonia, methane, ) i n  t h e  E a r t h ' s  
atmosphere u s i n g  t h e  t echn iques  of i n f r a r e d  a b s o r p t i o n  spec t roscopy .  These d a t a  w i l l  a l low t h e  de te rmina t ion  
of t h e  compos i t iona l  s t r u c t u r e  of t h e  upper atmosphere,  i n c l u d i n g  t h e  ozone l a y e r ,  and i t s  s p a t i a l  v a r i a b i l i t y  
on a g l o b a l  s c a l e .  The ins t rument  i s  i n  f i n a l  assembly w i t h  environmental  and q u a l i f i c a t i o n  t e s t i n g  scheduled 
t o  occur  i n  t h e  mid-1980. I t s  t i r s t  miss ion  w i l l  be Spacelab-3. 
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The t h r u s t  of t h e  a tmospher ic  c loud  phys i c s  l a b o r a t o r y  program i s  t o  improve our  unders tanding  of 
mic rophys i ca l  a tmospher ic  cloud p r o c e s s e s  by removing t h e  g r a v i t a t i o n a l  e f f e c t  from t h e  experiment  de s ign .  
A unique mul t ipurpose  l a b o r a t o r y  f a c i l i t y  i s  be ing  developed f o r  f l i g h t s  i n  t h e  h a b i t a b l e  Spacelab module f o r  
low- gravi ty expe r imen ta t i on  performed by payload s p e c i a l i s t s .  The f a c i l i t y  h a s  r e c e n t l y  undergone a d e t a i l e d  
des ign  review w i t h  assembly of subsystems scheduled  t o  begin  i n  t h e  summer of 1980. I t  i s  ass igned  f o r  
f l i g h t  on Spacelab-3. 

Over t h e  p a s t  summer, a s e l e c t i o n  p roces s  w a s  conducted based on p roposa l s  i n  response  t o  an Announcement 
of Oppor tuni ty .  The exper iments  s e l e c t e d  i n c l u d e  r e f l i g h t s  of some in s t rumen t s  under development f o r  t h e  
O r b i t a l  F l i g h t  T e s t  (OFT) series,  Spacelab-1, and Spacelab-2, p l u s  t h e  development of a doppler  i n t e r f e r o m e t e r  
f o r  wind measurements and a microwave limb sounder  f o r  measuring minor s p e c i e s ,  p r e s s u r e s ,  winds,  and 
t empera tu re s .  Development of t h e s e  i n s t rumen t s  h a s  been i n i t i a t e d .  R e f l i g h t s  and new p r i n c i p a l  i n v e s t i g a t o r  
developments w i l l  con t inue  t h e  r e s e a r c h  a c t i v i t i e s  i n  a tmospher ic  chemis t ry ,  s o l a r  i n t e n s i t y  and v a r i a b i l i t y ,  
and upper  a tmospher ic  winds.  

CHANGES FROM FY 1980 BUDGET ESTIMATE : 

The Space lab  Payload Development p o r t i o n  of t h e  Upper Atmospheric Research Program h a s  r e c e n t l y  been 
combined wi th  t h e  Environmental Observa t ions  Shu t t l e /Space l ab  Payload Development. The changes t o  t h e  
i n d i v i d u a l  e lements  of t h i s  combinat ion are  as shown below: 

Measurement of A i r  P o l l u t a n t s  from S a t e l l i t e s  (MAPS) - The FY 1980 budget e s t i m a t e  f o r  t h i s  ins t rument  
assumed t h a t  work would be  i n i t i a t e d  i n  FY 1980 on d e f i n i n g  an i n v e s t i g a t i o n  program f o r  r e f l i g h t  of  t h e  MAPS. 
S ince  t h e  d e f i n i t i o n  of f u t u r e  miss ions  and expe r imen ta l  o b j e c t i v e s  are n o t  s p e c i f i c ,  t h i s  a c t i v i t y  ha s  
been d e f e r r e d  and w i l l  be  funded as  r e q u i r e d  from t h e  r e sou rces  i n  t h e  P I  Ins t rument  Development and R e f l i g h t  
Program. FY 1980 funding w i l l  s uppor t  i n t e g r a t i o n  a c t i v i t i e s  i n  p r e p a r a t i o n  f o r  launch on an o r b i t a l  f l i g h t  
t e s t .  Sc ience  t e a m  a c t i v i t i e s  w i l l  i n c l u d e  p re l imina ry  a l g o r i t h m  development and t e s t i n g .  

Atmospheric Trace Molecules  Observed by Spectroscopy (ATMOS) - The development of t h i s  ins t rument  r e p r e s e n t s  
a s i g n i f i c a n t  advancement i n  t h e  s t a t e- of- the- a r t  of i n t e r f e r o m e t r i c  spec t roscopy.  The ins t rument  de s ign  is  
now complete. A reassessment  of t h e  remaining e f f o r t  h a s  i n d i c a t e d  t h a t  t h e  c o s t  w i l l  i n c r e a s e  due t o  
a d d i t i o n a l  de s ign  e f f o r t ,  i n c r e a s e d  t e s t i n g  of  t h e  i n s t rumen t ,  and t h e  s l i p  i n  S h u t t l e  f l i g h t  s chedu le .  

Atmospheric Cloud Phys ics  Labora tory  (ACPL) - This  p r o j e c t  is  a l s o  expe r i enc ing  c o s t  i n c r e a s e s  due t o  more 
complex des ign  i s s u e s  t han  o r i g i n a l l y  expected.  

P r i n c i p a l  I n v e s t i g a t o r  Ins t rument  Development/Refl ight  Program - The ad jus tment  i s  due t o  r ephas ing  of t h e  
R e f l i g h t  s t u d i e s  developments t o  cover  t h e  i n c r e a s e d  funding  requi rements  of t h e  o t h e r  S h u t t l e  i n s t rumen t s .  

have been de layed  u n t i l  FY 1981. 
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BASIS OF FY 1981 ESTIMATES: 

Measurement of A i r  P o l l u t a n t s  from S a t e l l i t e s  (MAPS) - FY 1981 funds  w i l l  be  used t o  suppor t  launch and 
miss ion  o p e r a t i o n s  and t h e  i n t e r p r e t a t i o n  of d a t a  ga the red  from t h e  miss ion .  

Atmospheric Trace Molecules Observed by Spectroscopy (ATMOS) - The ins t rument  i s  scheduled f o r  d e l i v e r y  
from t h e  c o n t r a c t o r  i n  August 1980. Subsequent t o  d e l i v e r y ,  a v e r i f i c a t i o n  and f a m i l i a r i z a t i o n  program w i l l  
be  performed by t h e  experiment team t o  e s t a b l i s h  b a s e l i n e  c h a r a c t e r i s t i c s  of  t h e  i n s t r u m e n t .  De l ive ry  of 
t h e  ins t rument  f o r  i n t e g r a t i o n  i n t o  t h e  S h u t t l e  payload i s  scheduled f o r  mid-1982. 

Atmospheric Cloud Phys ics  Laboratory (ACPL) - During FY 1981, t h e  ACPL w i l l  b e  i n  t h e  t e s t  phase of t h e  
development p rocess .  These t e s t s  i n c l u d e  q u a l i f i c a t i o n  of t h e  hardware,  p r i n c i p a l  i n v e s t i g a t o r  f a m i l i a r i z a-  
t i o n  tests,  payload s p e c i a l i s t s  t r a i n i n g  f o r  t h e  Spacelab-3 exper iments ,  and tests f o r  g e n e r a t i o n  of  t o x i c  
s u b s t a n c e s  o r  hazardous  c o n d i t i o n s .  

P r i n c i p a l  I n v e s t i g a t o r  Ins t rument  Development/Reflight Programs - A s e l e c t i o n  p r o c e s s  f o r  new S h u t t l e  
f l i g h t  o p p o r t u n i t i e s  has  been completed. The exper iments  s e l e c t e d  inc luded  s e v e r a l  ins t ruments  which w i l l  
have flown i n  t h e  e a r l y  S h u t t l e / S p a c e l a b  f l i g h t s .  The ins t ruments  are: (1) an a c t i v e  c a v i t y  rad iomete r  f o r  
s o l a r  i r r a d i a n c e  measurements; (2 )  a s o l a r  u l t r a v i o l e t  s p e c t r a l  i r r a d i a n c e  moni tor ;  (3) an imaging s p e c t r o m e t r i c  
o b s e r v a t o r y  f o r  t r a c e  c o n s t i t u e n t  measurements; and ( 4 )  a photometr ic  imager f o r  l i g h t n i n g  r e s e a r c h .  S e v e r a l  
f o r e i g n  i n v e s t i g a t i o n s  which are complementary t o  t h e  NASA programs have been s e l e c t e d ;  funding f o r  t h e s e  i s  
provided by t h e  f o r e i g n  agency sponsor ing  t h e  i n v e s t i g a t o r .  A c t i v i t i e s  t o  be  accomplished i n c l u d e  ins t rument  
re fu rb i shment  and r e f l i g h t  and ins t rument  development of new m u l t i p l e- f l i g h t  ins t ruments  f o r  long- term 
r e s e a r c h  purposes .  

Development of a High Reso lu t ion  Doppler I n t e r f e r o m e t e r  (HRDI) f o r  measuring upper t r o p o s p h e r i c  w i n d f i e l d s  
w i l l  c o n t i n u e .  The d e t a i l e d  d e s i g n  of  t h e  microwave limb sounder w i l l  b e  completed and "bread-boarding" of 
h igh  technology subsystems f o r  proof of concept d e t e r m i n a t i o n s  w i l l  be  con t inued .  A d e f i n i t i o n  s t u d y  of  s o l a r  
i r r a d i a n c e  measurements i n  t h e  168-365 nanometers spec t r a l  range w i l l  b e  completed. These ins t ruments  w e r e  
a l s o  s e l e c t e d  from t h e  r e c e n t  Announcement of  Opportuni ty .  

I n  1981, s e l e c t i o n s  from a n o t h e r  Announcement of Opportuni ty  w i l l  be  made and new i n s t r u m e n t s /  
i n v e s t i g a t i o n s  i n i t i a t e d .  New i n v e s t i g a t i o n s  and f l i g h t  r equ i rements  wi th  p r e v i o u s l y  developed ins t ruments  
w i l l  b e  d e f i n e d .  
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b e r a t i o n a l  S a t e l l i t e  ImDrovement Program (OSIP) 

1979 
1980 1981 

Budget Current  Budget 
Ac tua l  E s t i m a t e  E s t i m a t e  E s t i m a t e  

(Thousands of D o l l a r s )  

Research and development f o r  improvement of o p e r a t i o n a l  
s a t e l l i t e  systems ........................................... 6,100 7 , 400 7 , 400 10 , 700 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of  t h e  o p e r a t i o n a l  s a t e l l i t e  improvement program is t o  c a r r y  cut t h e  r e s e a r c h  and development 
a c t i v i t i e s  which w i l l  p rov ide  advanced s e n s o r s ,  s p a c e c r a f t  subsystems,  and ground equipment f o r  p r e s e n t  and 
f u t u r e  o p e r a t i o n a l  s a t e l l i t e  systems.  

Current  developments a s  w e l l  a s  expendable launch v e h i c l e  i n c l u d e  d e s i g n  m o d i f i c a t i o n  t o  t h e  NOAA p o l a r -  
o r b i t i n g ,  opera t iona l- meteoro log ica l  s p a c e c r a f t  f o r  S h u t t l e  compatab i l i ty ,  development of t h e  advanced 
V i s i b l e  and I n f r a r e d  Spin Scan Radiometer (VISSR) Atmospheric Sounder (VAS), development of t h e  Nimbus S o l a r  
B a c k s c a t t e r  U l t r a v i o l e t  (SBW) ins t rument  f o r  deployment on f u t u r e  NOAA o p e r a t i o n a l  s p a c e c r a f t ,  and modif i-  
c a t i o n  and improvement of d i r e c t  r eadou t  equipment f o r  o p e r a t i o n a l  use.  

BASIS OF FY 1981 ESTIMATE: 

The FY 1981 funds  w i l l  p rov ide  f o r  t empera tu re  and mois tu re  d a t a  assessment  of t h e  VAS exper iment  t o  be  
launched on t h e  Geos ta t ionary  O p e r a t i o n a l  Environmental  S a t e l l i t e  (GOES-D) i n  August 1980. Development of  t h e  
S o l a r  B a c k s c a t t e r  U l t r a v i o l e t  (SBW) ins t rument  scheduled f o r  f l i g h t  on NOM-F w i l l  b e  cont inued.  The SBUV 
on NOM-F i s  an important  m i l e s t o n e  s i n c e  i t  w i l l  be  t h e  f i r s t  o p e r a t i o n a l  moni to r ing  of  s t r a t o s p h e r i c  ozone 
from space.  An advanced microwave sounding u n i t  w i t h  narrower and more a c c u r a t e  t empera tu re  and m o i s t u r e  
p r o f i l e s ,  and improvements i n  t h e  Eigh Reso lu t ion  I n f r a r e d  Radiometer12 and V e r t i c a l  Atmospheric Sounder 
i n s t r u m e n t s  w i l l  b e  i n i t i a t e d  t o  meet NOAA's o p e r a t i o n a l  requirements .  Work w i l l  con t inue  on m o d i f i c a t i o n  
of t h e  N O M  o p e r a t i o n a l  s p a c e c r a f t  d e s i g n  t o  e n a b l e  t h e  s p a c e c r a f t  t o  b e  launched by t h e  S h u t t l e  o r  
expendable l aunch  v e h i c l e .  
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E a r t h  Rad ia t ion  Budget Experiment 

1980 1981 
1979 Budget Cur r e n t  Budget 

Actua l  E s t i m a t e  E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s )  

S p a c e c r a f t  .................................................. 3 , 400 10,700 4,700 16 , 700 
Sensors  ..................................................... 3,300 11,800 11,800 11,800 
Mission o p e r a t i o n s  and d a t a  a n a l y s i s  ........................ 300 500 500 500 

..................................................... 29,000 T o t a l  7,000 23,000 17,000 

..................... Space T r a n s p o r t a t i o n  Systems Opera t ions  (-- 1 (--) (--) ( 300 )  

OBJECTIVES AND STATUS: 

More s o l a r  energy is  absorbed by some reg ions  of  t h e  Ea r th  than  by o t h e r s .  A t  t h e  same t i m e ,  more the rma l  
energy is  r a d i a t e d  i n t o  space  by some reg ions  than  o t h e r s .  This  d i f f e r e n t i a l  h e a t i n g  i s  thought  t o  be  t h e  
d r i v i n g  f o r c e  t h a t  sets t h e  a tmospher ic  winds and ocean c u r r e n t s  i n t o  motion s o  as t o  t r a n s f e r  h e a t  from w a r m e r  
areas t o  c o o l e r  areas. The excess  i n  t h e  amount of s o l a r  energy absorbed ove r  t h e  the rma l  energy r a d i a t e d  t o  
space  c o n t i n u a l l y  changes f o r  any g iven  r e g i o n ,  depending on t h e  t i m e  of y e a r ,  degree  of c l o u d i n e s s ,  snow and 
ice  cove r ,  a tmospher ic  d u s t  and a e r o s o l s ,  2nd p r o p e r t i e s  and c o n d i t i o n s  of t h e  s u r f a c e .  

The o b j e c t i v e  of t h e  E a r t h  Rad ia t ion  Budget Experiment is  t o  measure t h e  tempora l  and s p a t i a l  v a r i a t i o n s  i n  
t h e  r a d i a t i o n  ba l ance  over  t h e  g lobe .  
r a d i a t i o n  budget  must be monitored from s p a c e  i f  w e  a r e  t o  ga in  b a s i c  i n s i g h t s  as t o  reasons  f o r  c l ima t i c  
f l u c t u a t i o n s .  

General  agreement e x i s t s  w i t h i n  t h e  s c i e n t i f i c  community t h a t  t h e  E a r t h ' s  

Exper imenta l  E a r t h  r a d i a t i o n  budget i n s t rumen t s  have flown on t h e  Nimbus s a t e l l i t e s ,  and sampling s t u d i e s  
based on t h o s e  exper iments  have shown t h a t  adequate  g l o b a l  coverage  r e q u i r e s  a m u l t i p l e  s a t e l l i t e  system. 
a l s o  i n d i c a t e  t h e  need f o r  more s t r i n g e n t  c a l i b r a t i o n  of t h e  s e n s o r s .  Two N O M  s a t e l l i t e s  of  t h e  Tiros-N series 
w i l l  be  flown i n  sun-synchronous o r b i t s  equipped w i t h  i d e n t i c a l  Ea r th  Rad ia t ion  Budget i n s t rumen t s .  One of  
t h e  N O M  s a t e l l i t e s  w i l l  have a morning e q u a t o r i a l  passage  t i m e ,  w h i l e  t h e  o t h e r  w i l l  have a mid- afternoon 
passage  t i m e .  Adequate mid- la t i t ude  and e q u a t o r i a l  coverage r e q u i r e s  an a d d i t i o n a l  s a t e l l i t e .  The re fo re ,  a 
t h i r d  se t  of  i n s t rumen t s  w i l l  be  flown on a NASA ded ica t ed  s p a c e c r a f t  i n  a 46' i n c l i n e d  o r b i t  p l ane .  Each 
e q u a t o r i a l  r eg ion  must be  viewed a t  least  once each month a t  each hour  of t h e  day,  and t h e  o r b i t  a l t i t u d e s  and 
in s t rumen t  v i e w  ang le s  must be known t o  permi t  geograph ica l  l o c a t i o n  of  t h e  rad iometer  f o o t p r i n t s .  Together ,  
t h e  t h r e e  s a t e l l i t e s  w i l l  p rovide  a c c u r a t e  measurements of t h e  monthly average  r a d i a t i o n  ba l ance  w i t h  r e g i o n a l ,  
zona l ,  and g l o b a l  r e s o l u t i o n s .  The planned launch d a t e s  are 1983-1984 f o r  t h e  NOAA s a t e l l i t e s  and 1983 f o r  t h e  
NASA ded ica t ed  s a t e l l i t e .  

They 
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The s c i e n t i f i c  o b j e c t i v e s  and measurement requ i rements  have been developed by a j o i n t  NOMINASA team of 
s c i e n t i s t s  t h a t  i n c l u d e  l e a d i n g  s c i e n t i s t s  from t h e  u n i v e r s i t y  community and o t h e r  non-Government o r g a n i z a t i o n s .  
These requ i rements  have been reviewed by a committee of  t h e  Na t iona l  Academy of Sc iences .  During FY 1979 t h e  
ERBE ins t rument  s p e c i f i c a t i o n  and a s s o c i a t e d  Request f o r  P roposa l  package w a s  r e l e a s e d  t o  p o t e n t i a l  c o n t r a c t o r s ;  
TRW w a s  s e l e c t e d  as t h e  c o n t r a c t o r  i n  May 1979. Engineer ing des ign  of t h e  ins t ruments  i s  i n  p r o c e s s .  Design 
m o d i f i c a t i o n s  t o  accommodate t h e  ERBE i n s t r u m e n t s  on Tiros-N/NOAA s p a c e c r a f t  bus  a r e  underway and t h e  r e q u e s t  
f o r  procurement f o r  the NASA d e d i c a t e d  s p a c e c r a f t  bus  and S h u t t l e  i n t e r f a c e  h a s  been iss.ued.  Data p r o c e s s i n g  
a l g o r i t h m s  are be ing  d e f i n e d  by t h e  ERBE experiment team, which w a s  s e l e c t e d  through an Announcement of  
Opportuni ty  p r o c e s s  i n  November 1979. 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The FY 1980 fund ing  estimate has  been reduced by $6 m i l l i o n  t o  p r o v i d e  funds  f o r  t h e  development of a l a r g e r  
p r o p u l s i o n  module r e q u i r e d  by LAN'DSAT-D t o  permit  S h u t t l e  r e t r i e v a b i l i t y .  Because t h e  l i f e t i m e s  of t h e  Tiros-N 
and NOAA-6 s a t e l l i t e s  w i l l  be  g r e a t e r  t h a n  expec ted ,  t h e  planned launch d a t e s  f o r  t h e  follow-on NOAA s a t e l l i t e s  
w i l l  b e  de layed .  This  i n  t u r n  w i l l  r e q u i r e  a de lay  i n  t h e  launch r e a d i n e s s  of t h e  NASA ERBE s p a c e c r a f t  because  
of t h e  program requirement  f o r  s imul taneous  measurements by t h e  ERBE-instrument-equipped NOAA s p a c e c r a f t  and 
t h e  NASA s p a c e c r a f t .  This  reduced funding requirements  i n  FY 1980 f o r  t h e  ERBE s p a c e c r a f t  makes t h e  
r e a l l o c a t i o n  t o  LANDSAT-D p o s s i b l e .  

BASIS OF THE FY 1981 ESTIMATE: 

FY 1981 fund ing  w i l l  b e  used t o  complete t h e  des ign  and con t inue  t h e  development of t h e  ERBE i n s t r u m e n t s ,  and 
t o  s u p p o r t  t h e  i n i t i a l  f a b r i c a t i o n  of t h e  NASA d e d i c a t e d  s p a c e c r a f t  p l u s  t h e  des ign  of  t h e  S h u t t l e / s p a c e c r a f t  
i n t e r f a c e  hardware.  ERBE exper iment  team members have been s e l e c t e d  and fund ing  suppor t  f o r  d a t a  p r o c e s s i n g ,  
a l g o r i t h m s  and model s o f t w a r e  e f f o r t  f o r  t h e  team w i l l  b e  con t inued .  

Halogen O c c u l t a t i o n  Experiment 

1980 1981 
Budget 1979 Budget Cur ren t  

Ac tua l  E s t i m a t e  Es t imate  E s t i m a t e  
(Thousands of D o l l a r s )  

Sensor  development ........................................... 3,600 8,000 8,000 6,000 
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OBJECTIVES AND STATUS: 

The Halogen Occu la t ion  Experiment (HALOE) w i l l  p rov ide  g l o b a l  s t r a t o s p h e r i c  v e r t i c a l  c o n c e n t r a t i o n  p r o f i l e s  
of key chemical  s p e c i e s  invo lved  i n  t h e  c a t a l y t i c  d e s t r u c t i o n  of  ozone due t o  c h l o r i n e  compounds. These 
measurements w i l l  assist i n  e s t i m a t i n g  t h e  d e p l e t i o n  of s t r a t o s p h e r i c  ozone due t o  n a t u r a l  and man-made c a u s e s  
i n v o l v i n g  chlorof luoromethanes  (CFM's). S p e c i f i c  o b j e c t i v e s  of HALOE are: (1) t o  moni tor  g l o b a l l y  t h e  v e r t i c a l  
p r o f i l e s  of  c o n c e n t r a t i o n s  of s t r a t o s p h e r i c  hydrogen c h l o r i d e ,  hydrogen f l u o r i d e ,  w a t e r  and o t h e r  t r a c e  gases  
of importance t o  t h e  c h l o r i n e  chemis t ry ;  and (2) t o  use  t h e  measured d a t a  ( a )  i n  o b t a i n i n g  h o r i z o n t a l  and 
v e r t i c a l  maps of gas  c o n c e n t r a t i o n s ;  (b) t o  perform a c h l o r i n e  s o u r c e  a n a l y s i s ;  ( c )  t o  v a l i d a t e  chemical and 
dynamic models d e s c r i b i n g  t h e  e f f e c t s  of CFM's on t h e  ozone l a y e r ;  and (d) t o  a i d  i n  a s s e s s i n g  ozone d e p l e t i o n  
and d e p l e t i o n  r a t e  due t o  c h l o r i n e  build- up i n  t h e  s t r a t o s p h e r e .  

An i n i t i a l  test of t h e  e n g i n e e r i n g  model ins t rument  i s  being planned f o r  f l i g h t  on a S h u t t l e  miss ion t o  
demonstra te  t h e  v a l i d i t y  of  t h e  measurement t echn ique  i n  a space  environment and t o  e v a l u a t e  t h e  ins t rument  
o p e r a t i n g  pa ramete r s .  A l o n g e r  d u r a t i o n  miss ion of one t o  two y e a r s  w i l l  t a k e  p l a c e  on t h e  E a r t h  Rad ia t ion  
Budget Experiment miss ion  i n  1983. Conceptual  d e s i g n  of t h e  HALOE ins t rument  was accomplished under t h e  
Advanced A p p l i c a t i o n s  F l i g h t  Experiments (AAFE) program. Design of t h e  s p a c e f l i g h t  ins t rument  i s  i n  p r o g r e s s  
and f a b r i c a t i o n  h a s  been i n i t i a t e d .  A s c i e n c e  team was s e l e c t e d  through t h e  Announcement of Opportuni ty  p r o c e s s  
i n  November 1979. 

BASIS OF FY 1981 ESTIMATE: 

I n  FY 1981, f a b r i c a t i o n  of t h e  e n g i n e e r i n g  model u n i t  t o  b e  flown on t h e  S h u t t l e  w i l l  b e  completed w i t h  
d e l i v e r y  of  t h e  ins t rument  f o r  i n t e g r a t i o n  i n  mid-1981. A c q u i s i t i o n  of major subsystems of  t h e  f l i g h t  u n i t  
f o r  t h e  E a r t h  Rad ia t ion  Budget Experiment w i l l  be  i n i t i a t e d .  Sc ience  a c t i v i t i e s  w i l l  b e  focused on modeling 
t echn iques  and development of t h e  i n v e r s i o n  a l g o r i t h m s .  

Extended Miss ions  Opera t ions  (Environmental  O b s e r v i a t i o n s )  

1980 1981 
1979 Budget Cur ren t  Budget 

Ac tua l  Estimate Es t imate  E s t i m a t e  
(Thousands of  D o l l a r s )  

Opera t ions  f o r  t h e  extended miss ions  o f :  
......................................... 5,200 5,200 7,500 Nimbus-5, - 6, and -7 -- 

S t r a t o s p h e r i c  a e r o s o l  and gas  exper iment  .................... 700 600 600 500 
Geodynamic exper imenta l  ocean s a t e l l i t e  ..................... 550 -- -- -- 

T o t a l  1 ,250 5,800 5,800 8,000 
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OBJECTIVES AND STATUS: 

Nimbus-5, - 6 ,  and -7 w e r e  launched i n  December 1972,  June 1975, and October 1978, r e s p e c t i v e l y .  They have 
provided  y e a r s  of  g l o b a l  d a t a  r e g a r d i n g  such t h i n g s  as sea ice ,  a tmospher ic  chemis t ry  and dynamics, t h e  Ea r th  
r a d i a t i o n  budget ,  and ocean t empera tu re  and c o l o r .  They have a l s o  demonstrated a number of measurement 
t echn iques  some of which have been adopted on o p e r a t i o n a l  s a t e l l i t e  systems.  Reduction and a n a l y s i s  of t h i s  
v a l u a b l e  d a t a  is  con t inu ing  and t h e r e  a r e  a number of areas where a d d i t i o n a l  d a t a  i s  u r g e n t l y  needed. These 
i n c l u d e ,  among o t h e r s ,  g l o b a l  p r e c i p i t a t i o n ,  s o i l  mo i s tu re ,  snow and i c e  cover and t h e  r a d i a t i o n  budget .  
Cont inuat ion  of t h i s  d a t a  w i l l  suppor t  s t u d i e s  i n  t h e  t r e n d s  of  world weather  over  s e v e r a l  y e a r s ,  s e v e r e  
s to rm a n a l y s i s  and p r e d i c t i o n ,  and improving numer ica l  f o r e c a s t  models. 

The s a t e l l i t e  c a r r y i n g  t h e  S t r a t o s p h e r i c  Aerosol  and Gas Experiment (SAGE) in s t rumen t ,  launched i n  e a r l y  
1979, c o n t i n u e s  t o  p rov ide  e s s e n t i a l  g l o b a l  moni tor ing  of ozone and a e r o s o l s  by s o l a r  o c c u l t a t i o n  means. 

BASIS OF FY 1981 ESTIMATE: 

The FY 1981 funding  w i l l  suppor t  cont inued f l i g h t  o p e r a t i o n s  of  Nimbus-5,-6, and -7 and SAGE beyond t h e i r  
o r i g i n a l l y  planned l i f e t i m e s .  It w i l l  p rovide  maximum r e d u c t i o n  and v e r i f i c a t i o n  of t h e  s e n s o r  d a t a  i n c l u d i n g  
t h e  development of some s p e c i a l  d a t a  p rocess ing  t echn iques  f o r  e x i s t i n g  systems.  D i g i t i z i n g ,  f o r m a t t i n g ,  
c a l i b r a t i o n ,  a n n o t a t i o n  and r e f e r e n c i n g  of s e n s o r  o u t p u t s  i n t o  d a t a  sets and subsequent  a r c h i v i n g  w i l l  be 
suppor ted .  Such in fo rma t ion  w i l l  c o n t r i b u t e  t o  t h e  ozone d a t a  base  and p rov ide  a d d i t i o n a l  i n fo rma t ion  f o r  
d e t e c t i n g  ozone t r e n d s .  

N a t i o n a l  Oceanic S a t e l l i t e  System (NOSS) 

1980 1981 
1979 Budget Current  Budget 

Ac tua l  E s t  i m a  t e E s t  i m a t  e Es t ima te  
(Thosuands of D o l l a r s )  

-- 2,000 
-- -- 3,200 

6 0 0  

S p a c e c r a f t  -- -- 
Ins t rument  development -- 
Suppor t ing  a c t i v i t i e s  ....................................... -- -- -- 

.................................................. 
...................................... 

T o t a l  ..................................................... -- -- 5,800 -- 
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OBJECTIVES AND STATUS: 

The N a t i o n a l  Oceanic S a t e l l i t e  System (NOSS) w i l l  be  a n  in t e ragency  p r o j e c t  t o  demonst ra te  t h e  c a p a b i l i t y  
of remote s e n s i n g  of t h e  oceans from space  and t h e  d a t a  p rocess ing  and d i s t r i b u t i o n  necessa ry  t o  m e e t  t h e  
o p e r a t i o n a l  i n fo rma t ion  needs of b o t h  t h e  m i l i t a r y  and c i v i l  sectors- - needs which range from o p e r a t i o n  of  
t h e  F l e e t  t o  pe t rochemica l  e x p l o r a t i o n  t o  management of marine r e sources .  
o b s e r v a t i o n s  of ocean c o n d i t i o n s  which are needed t o  improve ou r  unders tanding  of ocean p rocesses  and t o  
extend t h e  n a t i o n a l  c a p a b i l i t i e s  t o  p r e d i c t  ocean ic  phenomena and t o  assess t h e i r  i n t e r a c t i o n  w i t h  human 
a c t i v i t i e s  . 

NOSS w i l l  a l s o  provide  space  

Both t h e  Department of  Defense and t h e  Department of Commerce r e q u i r e  t ime ly ,  a c c u r a t e  ocean ic  
in fo rma t ion  on a g l o b a l  scale. The Uni ted  States Navy needs t h e  NOSS d a t a  f o r  t h e  s e l e c t i o n  of o p e r a t i n g  
areas, damage avoidance ,  s h i p  r o u t i n g ,  s t r a t e g i c  submarine o p e r a t i o n s ,  l o g i s t i c  r e supp ly ,  an t i submar ine  
w a r f a r e  a c c o u s t i c  p r e d i c t i o n s ,  and t a c t i c a l  s h i p  r o u t i n g .  The Na t iona l  Oceanic and Atmospheric Admin i s t r a t ion  
(NOAA) needs t h i s  i n fo rma t ion  t o  suppor t  such  d i v e r s e  a c t i v i t i e s  as:  (1) management and conse rva t ion  of  
marine r e s o u r c e s ;  (2)  t h e  p r e d i c t i o n  of weather ;  ( 3 )  t h e  p r o t e c t i o n  of  l i f e  and p rope r ty ;  ( 4 )  t h e  p r e s e r v a t i o n ,  
conse rva t ion  and development of  t h e  Na t ion ' s  c o a s t a l  r e s o u r c e s ;  and (5) t h e  p r o v i s i o n  of maps, c h a r t s ,  
su rveys ,  and s p e c i a l i z e d  d a t a  f o r  s a f e  n a v i g a t i o n .  The NOSS d a t a  should  be e s p e c i a l l y  impor tant  i n  NOAA 
weather  f o r e c a s t i n g  models. P r o v i s i o n  of g l o b a l  ocean c o n d i t i o n s  d a t a  on a t ime ly  b a s i s  w i l l  improve t h e  
e f f i c i e n c y ,  s a f e t y  and c o s t  of  s h i p  o p e r a t i o n s ,  t r a n s p o r t a t i o n ,  o f f- shore  o i l  and gas  e x p l o r a t i o n  and d r i l l i n g ,  
p l a t f o r m  o p e r a t i o n s ,  marirze c o n s t r u c t i o n ,  commercial f i s h i n g ,  p o l l u t i o n  mon i to r ing ,  i c e  moni tor ing ,  and marine 
s e a r c h  and r e scue .  

The NOSS c a p a b i l i t y  f o r  remotely s e n s i n g  t h e  wor ld ' s  oceans and p rov id ing  u s e f u l  d a t a  t o  t h e  u s e r  community 
i n  n e a r  real-time is  not  a v a i l a b l e  by any o t h e r  means. The vast m a j o r i t y  o f  t h e  w o r l d ' s  oceans l i e  o u t s i d e  
commonly t r a v e l e d  sea l a n e s  and ,  t h u s ,  are unobserved by conven t iona l  methods. The c a p a b i l i t y  of  e x i s t i n g  and 
planned me teo ro log ica l  s a t e l l i t e s  t o  measure c h a r a c t e r i s t i c s  of  t h e  oceans i s  s e v e r e l y  l i m i t e d .  The c o l l e c t i o n  
of  g l o b a l  and s y n o p t i c  ocean ic  d a t a  by t h e  deployment of more conven t iona l  t echn iques  ( e . g . ,  s h i p s  and buoys) 
would r e q u i r e  thousands of i n d i v i d u a l  p l a t fo rms .  Such a t echn ique  would be  p r o h i b i t i v e  bo th  l o g i s t i c a l l y  and 
mone ta r i l y .  

The ocean ic  f e a t u r e s  t o  be observed by NOSS i n c l u d e  d i r e c t i o n a l  wind stress, sea s u r f a c e  topography,  i c e  cap 
p r o f i l e s ,  s i g n i f i c a n t  wave h e i g h t ,  d i r e c t i o n a l  wave spectrum, sea i ce  p a t t e r n s ,  i n t e r n a l  waves, s h i p s ,  i c e b e r g s ,  
s e a  s u r f a c e  tempera ture ,  wind speed, c louds ,  r a i n ,  and ch lo rophy l l .  NOSS w i l l  be des igned t o  produce 
d a t a  p roduc t s  d e s c r i b i n g  t h e s e  f e a t u r e s  w i t h  t y p i c a l l y  no more than  a t h r e e  t o  twelve hour  de l ay  from a c q u i s i-  
t i o n  of  t h e  d a t a  by t h e  s p a c e c r a f t .  
agenc ie s  would r e q u i r e  i n  an o p e r a t i o n a l  system. Mission l i f e t i m e  w i l l  b e  s u f f i c i e n t  t o  a l low u s e r  agenc ie s  
t o  e v a l u a t e  f u l l y  t h e  d a t a ' s  u t i l i t y  i n  an o p e r a t i o n a l  environment.  

This  w i l l  demonst ra te  t h e  c h a r a c t e r i s t i c s  of t h e  d a t a  sys tem t h a t  u s e r  
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The NOSS i s  planned t o  be  a complete  end-to-end oceanic  moni tor ing  system i n c o r p o r a t i n g  b o t h  microwave and 
o p t i c a l  oceanographic s e n s o r s ,  flown on two s a t e l l i t e s ,  w i t h  a ground c o n t r o l ,  data  p roces s ing ,  and d i s t r i -  
b u t i o n  system. The i n i t i a l  NOSS s p a c e c r a f t  w i l l  b e  launched us ing  t h e  Space S h u t t l e  i n  1986. 

The h3SS i s  a j o i n t l y  de f ined  and funded program. NASA has  o v e r a l l  p r o j e c t  management r e s p o n s i b i l i t y .  NOAA 
and DOD are r e s p o n s i b l e  f o r  d e f i n i n g  sys tem requi rements ,  d a t a  p roduc t s  and formats .  NOAA and DOD w i l l  a l s o  
o p e r a t e  t h e  NOSS du r ing  t h e  f i ve- yea r  demonst ra t ion  pe r iod  fo l l owing  launch of t h e  f i r s t  NOSS s p a c e c r a f t .  NASA 
and DOD w i l l  s h a r e  t h e  c o s t  of  deve loping  and launching  t h e  i n i t i a l  s p a c e c r a f t ,  and NOAA and DOD w i l l  s h a r e  t h e  
c o s t  -of deve loping  and launching  t h e  second s p a c e c r a f t  and t h e  ground c o n t r o l ,  p roces s ing  and d i s t r i b u t i o n  System’s 
development and o p e r a t i o n s .  The p l ann ing  estimate f o r  t h e  t o t a l  NASA s h a r e  of  t h e  b a s e l i n e  program i s  
$145-190 m i l l i o n  i n  d o l l a r s  of t h e  FY 1981 budget ,  exc lud ing  launch and s u p p o r t i n g  a c t i v i t i e s .  The N O M  and 
DOD s h a r e  of  development c o s t s  i s  e s t ima ted  a t  approximate ly  $545 m i l l i o n ,  exc luding  launch c o s t s .  The c o s t  
f o r  l aunch ing  t h e  two NOSS s p a c e c r a f t  is  e s t ima ted  a t  $80 m i l l i o n ,  t o  be sha red  by t h e  t h r e e  agenc i e s .  
O v e r a l l  program p o l i c y  and guidance f o r  t h e  NOSS Program i s  provided by a t r i- agency  NOSS S t e e r i n g  Committee 
composed of one s e n i o r  r e p r e s e n t a t i v e  from each  of t h e  t h r e e  major o r g a n i z a t i o n s .  S t e e r i n g  Committee d i r e c-  
t i v e s  and d e c i s i o n s  are conver ted  i n t o  implementat ion g u i d e l i n e s  by a t r i- agency  Program Management Team ,and ,  
u l t i m a t e l y  i n t o  hardware and so f tware  by t h e  t r i- agency  NOSS P r o j e c t  l o c a t e d  a t  GSFC. 

The NOSS w i l l  b e  des igned  and developed under  a compe t i t i ve  procurement p roces s .  The Request f o r  P roposa l s  
f o r  t h e  A l t e r n a t e  Systems Concept S t u d i e s  w a s  r e l e a s e d  t o  i n d u s t r y  on October  3 ,  1979; p roposa l s  w e r e  r ece ived  
i n  e a r l y  January  1980; c o n t r a c t  awards are a n t i c i p a t e d  i n  t h e  s p r i n g  o f  1980. 

BASIS OF THE FY 1981 ESTIMATE: 

I n  FY 1981 funding w i l l  s uppor t  t h e  s e l e c t i o n  of a Mission Con t r ac to r  f o r  system development and imDlementation, 
and procurement of t h e  s p a c e c r a f t  s e n s o r s .  During FY 1981, de s ign  of t h e  s p a c e c r a f t  bus ,  t h e  primary p roces s ing  
f a c i l i t y ,  and t h e  s p a c e c r a f t  s e n s o r s  w i l l  b e  i n i t i a t e d .  Breadboard hardware subsystems f o r  t h e  Large Antenna 
Microwave Radiometer w i l l  b e  f a b r i c a t e d  and eng inee r ing  t e s t i n g  begun. I n  a d d i t i o n ,  geophys ica l  a l g o r i t h m  
development f o r  convers ion  of t h e  remote ly  sensed  d a t a  i n t o  u seab l e  eng inee r ing  u n i t s  w i l l  b eg in  i n  d e t a i l .  

RD 7-48 



BASIS OF FY 1981 FUNDING ,REQUIREMENTS: 

APPLICATIONS SYSTEMS 

1980 1981 
1979 Budget Cur r en t Budget 

Ac tua l  E s t i m a t e  E s t i m a t e  E s t i m a t e  
(Thousands of  D o l l a r s )  

Ai rborne  i n s t r u m e n t a t i o n  r e s e a r c h  program...,.....,.,........... 6,530 10,300 15  547 18,100 
Shut tSe/Spacelab miss ion  d e s i g n  and i n t e g r a t i o n *  6,260 8,300 7 300 
NASA i n t e g r a t e d  payload planning"  1,160 1 ,700 1 700 

.............. -- 
............................. -- 

T o t a l  ....................................................... 13,950 24,547 18,100 20,300 - 
........................ Space T r a n s p o r t a t i o n  System Opera t ions  (--) (18,000) ( 6  600) (12,600) 

*Funding r e s p o n s i b i l i t y  f o r  FY 1981 and subsequent  y e a r s  has  been t r a n s f e r r e d  from Space A p p l i c a t i o n s  t o  
Space Sc ience .  

OBJECTIVES AND STATUS: 

The Ai rborne  I n s t r u m e n t a t i o n  Research Program (AIRP) p rov ides  f l i g h t  s u p p o r t  t o  major segments of t h e  Space 
A p p l i c a t i o n s  Program as w e l l  as t o  o t h e r  NASA programs. The a i r c r a f t  f l e e t  p r e s e n t l y  c o n s i s t s  of  two U - ~ C ' S ,  
one WB-57F, one C-130, and one CV-990. These a i r c r a f t  p r o v i d e  suppor t  a s  test beds  f o r  newly developed 
i n s t r u m e n t a t i o n  and permi t  t h e  demonstra t ion of new s e n s o r  concep t s  p r i o r  t o  t h e i r  be ing  flown on sa te l l i t es .  
The d a t a  a c q u i r e d  dur ing  t h e  f l i g h t s  i s  used t o  r e f i n e  a l g o r i t h m s  and develop ground d a t a  h a n d l i n g  t echn iques  
and p r e l i m i n a r y  proof of  concept s t u d i e s .  Examples of  such a c t i v i t i e s  are f l i g h t s  over  test s i tes  t o  o b t a i n  
c rop  s i g n a t u r e  d a t a  f o r  t h e  AgRISTARS program by t h e  C-130 and f l i g h t s  i n  t h e  U-2C's t o  a c q u i r e  s imula ted  
themat ic  mapper d a t a .  
conduct i n  s i t u  measurements a t  a l t i t u d e  ranges  above t h e  c a p a b i l i t y  of more conven t iona l  a i r c r a f t  and below 
t h a t  of  o r b i t i n g  s p a c e c r a f t .  Th i s  i s  important  i n  t h e  Environmental  Observat ion program where much i n t e r e s t  
ex i s t s  r e g a r d i n g  s t r a t o s p h e r i c  t r a n s p o r t  mechanisms and where i t  i s  ex t remely  d e s i r a b l e  t o  p e n e t r a t e  t h e  
s t r a t o s p h e r i c  region--which i n  t h e  t r o p i c a l  in te rconvergence  zone i s  normal ly  found a t  a l t i t u d e s  of 60,000 f e e t  
and above. 

A p r i n c i p a l  use  of t h e  WB-57F's and U-2C's i s  t o  a c q u i r e  s t r a t o s p h e r i c  a i r  samples and 
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CHANGES FROM FY 1980 BUDGET ESTIMATES: 

me r e d u c t i o n  of $1.0 m i l l i o n  i n  Mission Design and I n t e g r a t i o n  and t h e  i n c r e a s e  of  $5.24 m i l l i o n  i n  t he  
Ai rborne  program r e f l e c t  i n t e r n a l  program r e a l l o c a t i o n s  t o  provide  f o r  t h e  i n i t i a l  funding of  t h e  a c q u i s i t i o n  
of  an  ER-2 a i r c r a f t  (U-2R). This  a i r c r a f t  w i l l  be ob t a ined  i n  con junc t i on  w i t h  a United States  A i r  Force 
procurement a t  a t o t a l  e s t ima ted  c o s t  of $13 m i l l i o n  and w i l l  r e p l a c e  one of  t h e  ag ing  U-2's which w i l l  then  
be r e t u r n e d  t o  t h e  A i r  Force i nven to ry .  The ER-2 a i r c r a f t  o f f e r s  a d d i t i o n a l  a l t i t u d e  and range  c a p a b i l i t y  
and payload c a p a c i t y  over  t h e  U-2C. This enhanced c a p a b i l i t y  should permi t  bo th  more economical o p e r a t i o n  
of t h e  h igh  a l t i t u d e  f l e e t  and an improved c a p a b i l i t y  t o  p e n e t r a t e  impor tan t  r eg ions  of t h e  s t r a t o s p h e r e  
where t h e r e  i s  c o n s i d e r a b l e  s c i e n t i f i c  i n t e r e s t .  

BASIS OF FY 1981 ESTIMATE: 

FY 1981 funds a r e  r e q u i r e d  t o  con t inue  t h e  o p e r a t i o n s  of t h e  a i r c r a f t  f l e e t  a t  approximate ly  t h e  same l e v e l  
as du r ing  FY 1980. I n  a d d i t i o n ,  t h e  r e q u e s t  i nc ludes  $7 m i l l i o n  t o  complete  t h e  procurement of t h e  ER-2 
a i r c r a f t .  

BASIS OF FY 1981 FUNDING REQUIREMENTS: 

TECHNO M G Y  TRANS FER 

1980 1981 
1979 Budget Cur r en t Budget 

Actua l  E s t i m a t e  Es t imate  E s t i m a t e  
(Thousands of D o l l a r s )  

1 , 800 App l i ca t i ons  systems v e r i f i c a t i o n  and t r a n s f e r  . . . . . . . . . . . . . .  900 1,700 1,700 
Regional  remote s ens ing  a p p l i c a t i o n s . .  . . . . . . . . . . . . . . . . . . . . . .  3 , 500 3 , 800 3,657 4,100 
User requi rements  and suppor t i ng  a c t i v i t i e s  ................. 4,500 4,800 4,730 6,600 
C i v i l  s y s t e  m s . . . , . . . . . . . . . . . . . , . . . . . . . . . . . . . . . , . . . . . . . . . . . . . .  1,800 --- --- --- 

T o t a l  ............................................. 10.700 

OBJECTIVES AND STATUS : 

10.087 12.500 

The o b j e c t i v e s  of  t h e  remote s ens ing  Technology Trans fe r  program are t o  p rov ide  f o r  t h e  v a l i d a t i o n ,  t r a n s-  
f e r  and widespread d i s semina t i on  of proven technology a p p l i c a t i o n s  t o  o p e r a t i o n a l  use.  
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The Applications Systems Verification and Transfer (ASVT) program conducts the demonstration, verification, 
and transfer of total applications systems in a representative user setting and with participating user organi- 
zations, emphasizing cost reduction and system compatibility with the user setting. The program is increasing 
the awareness and use of remote sensing by other Federal agencies, state and local governments, and private 
sector users. Projects are now underway with the National Park Service, the Corps of Engineers, the Pacific 
Northwest and Appalachian Regional Commissions, and the State of Texas. Additional projects will be under- 
taken in FY 1980 with the states of California and Alaska, and with regional water management districts in 
the state of Florida. 

The Regional Remote Sensing Applications Program provides for broad assistance to state and local governments 
in evaluating and implementing proven Landsat applications in natural resource and environmental management. 
The program has provided major impetus to state use of Landsat data through data analysis training to over 750 
state, local and Federal personnel and the completion of four multi-disciplinary state application demonstra- 
tion projects. Additional projects with 21 states are presently being conducted. Follow-on technical assis- 
tance is leading to the establishment of operational Landsat data processing capabilities in over a dozen 
states as well as significantly increased technical communication and cooperation between states, and support 
for state use of private sector capabilities. Increased use of geobased information systems in the transfer 
projects has increased the relevance and utility of Landsat data utilization to other state programs. Other 
initiatives are expanding county and other local government exposure to and use of Landsat data both inde- 
pendently and through the use of established state capabilities. 

Under User Requirements and Supporting Activities, continuing communications at the national level are 
maintained between NASA and the user community to determine and analyze national priorities and user needs, 
inform users of existing and planned technological capabilities, obtain external evaluations of Space Appli- 
cations programs for planning purposes, and develop program awareness and technical capabilities in educational 
institutions. In FY 1980 a dynamic user requirements planning function is being developed with particular 
emphasis on external drivers to technology use such as Federal and state legislation. The formal contacts 
with national user interest groups and change agents such as the National Conference of State Legislatures 
and the National Governors Association have continued to be valuable in focusing and accelerating state 
government interest in technology transfer through establishment of two-way communications, increase of user 
awareness, and participation in needs definition. A program to increase transfer to locally based private 
industries including architectural and engineering (ASrE) firms, environmental and development consultants, 
and data processing companies, is being implemented through a network of community colleges. We are also 
continuing to encourage the development of geographically distributed university capabilities to demonstrate 
the practical benefits of remote sensing through the conduct of research, education and public service acti- 
vities. Twenty-one universities are currently participating in the program, with recent additions expanding 
the technical areas of interest from remote sensing to include materials processing, geodynamics and geology. 
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CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The $213 thousand change i n  FY 1980 funding f o r  Technology Trans fe r  i s  t h e  r e s u l t  of  two a c t i o n s :  a reduc-  
t i o n  of  $13 thousand i n  Regional  Remote Sens ing  A c t i v i t i e s  as p a r t  of  a g e n e r a l  Congress iona l  r e d u c t i o n  i n  
t h e  Agency's budget ;  and, a r e d u c t i o n  of  $130 thousand i n  Regional  Remote Sensing A c t i v i t i e s  and $70 thousand 
i n  User Requirements and Suppor t ing  Activi t ies  t o  b e  a p p l i e d  toward procurement of  an ER-2 a i r c r a f t .  This  
h igh  a l t i t u d e  a i r c r a f t  w i l l  p rov ide  suppor t  f o r  t h e  remote s e n s i n g  requi rements  of bo th  of t h e s e  a c t i v i t i e s .  

BASIS OF FY 1981 ESTIMATE: 

Major emphasis f o r  FY 1981 w i l l  be  i n  t h e  fo l l owing  areas: 

ASVT p r o j e c t s  w i th  t h e  S t a t e  of  Texas (Natura l  Resources Inventory /Moni tor ing)  and t h e  Na t iona l  Park S e r v i c e  

Program t h r u s t s  i n  FY 1981 w i l l  add re s s  p r i v a t e  s e c t o r  a p p l i c a t i o n s  w i th  architectural/engineering 
(Na t iona l  Park Management) w i l l  be completed i n  FY 1981. 
i n i t i a t e d .  
c o n s u l t a n t s  i n  r o u t e  and s i t e  l o c a t i o n s ,  p u b l i c  u t i l i t y  companies i n  power demand p r e d i c t i o n  and a g r i - b u s i n e s s e s  
i n  a g r i c u l t u r a l  f o r e c a s t i n g  as w e l l  as new evo lv ing  Fede ra l  programs i n  t h e  area of environmental  q u a l i t y .  
I n  a d d i t i o n ,  p r i v a t e  i n d u s t r y  s e r v i c e  s u p p l i e r s  w i l l  be  u t i l i z e d  more f u l l y  i n  conduct ing  ASVT p r o j e c t s  w i th  
u s e r  o r g a n i z a t i o n s .  

I n  FY 1981, approximate ly  t h r e e  new ASVT'S w i l l  be  

Regional  Remote Sens ing  App l i ca t i ons  Program a c t i v i t i e s  i n  FY 1981 w i l l  complete  Landsat  M u l t i s p e c t r a l  Scanner  
(MSS) a p p l i c a t i o n  demons t ra t ion  programs wi th  15 s t a t e  governments. I n  a d d i t i o n ,  demons t ra t ions  i n  t h e  re- 
maining f o u r  s ta tes  no t  y e t  involved  i n  NASA's technology t r a n s f e r  a c t i v i t i e s  w i l l  be i n i t i a t e d  i n  FY 1981. 
An a d d i t i o n a l  s i x  t o  e i g h t  p r o j e c t s  w i th  u n i v e r s i t i e s  w i l l  con t inue  t h e  development of  c u r r i c u l a  and capabi-  
l i t i e s  f o r  independent  t r a i n i n g  suppor t  t o  o p e r a t i o n a l  s t a t e  government Landsat  programs. T rans fe r  of Landsat  
technology t o  s ta te  governments w i l l  con t inue  w i th  t h e  i n t r o d u c t i o n  of  new technology,  i n c l u d i n g  l i m i t e d  use 
of  Re turn  Beam Vidicon (RBV) d a t a ,  and expanded use of geobased i n fo rma t ion  systems.  I nc rea sed  emphasis w i l l  
be  p l aced  on follow-on t e c h n i c a l  a s s i s t a n c e  t o  o p e r a t i o n a l  u s e r s  through documentation of  a n a l y s i s  so f twa re  
and a p p l i c a t i o n  case s t u d i e s ,  technology surveys ,  and involvement of  p r i v a t e  s e c t o r  p r o f e s s i o n a l  a s s o c i a t i o n s  
i n  deve lop ing  u s e r  s e r v i c e  c a p a b i l i t i e s .  
n a t i o n a l  scale i n  FY 1981 through a n  e s t ima ted  20 t o  25 p r o j e c t s  w i th  county governments ( a s  w e l l  as r e g i o n a l  
government e n t i t i e s ) .  
t i o n s  (such as t h e  Na t iona l  Assoc i a t i on  of  Count ies )  t o  p rov ide  technology s h a r i n g  and a m u l t i p l i e r  e f f e c t  
among u s e r s .  

Technology t r a n s f e r  t o  s u b s t a t e  governments w i l l  be  expanded t o  

This  program w i l l  be  undertaken i n  coope ra t i on  w i t h  n a t i o n a l  r e p r e s e n t a t i v e  organiza-  

The program w i l l  c o n t i n u e  w i t h  a s e l e c t e d  number of r e p r e s e n t a t i v e  u s e r s  i n  succeeding  yea r s .  

The User Requirements and Suppor t ing  A c t i v i t i e s  w i l l  focus  on s t r a t e g i e s  t o  expand t h e  involvement of t h e  
p r i v a t e  s e c t o r  i n  NASA's technology t r a n s f e r  e f f o r t s  bo th  as a s u p p l i e r  of  remote s ens ing  s e r v i c e s  and as an  
independent  end-user of remote s ens ing .  S t u d i e s  w i l l  b e  performed t o  e v a l u a t e  p r i v a t e  u s e r  needs and add re s s  
t h e i r  major needs through j o i n t  t r a n s f e r  p r o j e c t s ,  thereby  p rov id ing  p r i v a t e  companies an  o p p o r t u n i t y  t o  use 
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remotely sensed data in increasing their own productivity. 
of private industry service suppliers as the technical arm in NASA's transfer projects with both public and 
private users. 
new technology applications in the environmental quality and weather data areas. 
lationships with the National Conference of State Legislatures (NCSL), National Governors Association (NGA) 
and a substate user group will be continued and broadened to promote awareness and transfer of technologies 
in addition to Landsat. In addition, it is planned to continue to phase in additional universities in FY 
1981 as some of the present university programs are completed. Selection of these universities and areas of 
application will be made in concert with the Remote Sensing Applications and ASVT programs in order to rein- 
force the establishment of state and local government capabilities to use remote sensing. 

Emphasis will also be placed on increased use 

Market evaluations will be conducted to lay a foundation for transfer projects addressing 
Formal institutional re- 

BASIS OF FY 1981 FUNDING REQUIREMENTS: 

MATERIALS PROCESSING IN SPACE 

1980 1981 
1979 Budget Current Budget Page - 

Actual Estimate Estimate Estimate No. 
(Thousands of Dollars) 

--- --- Space processing applications rocket (SPAR) project. ..... 3 , 600 2 , 100 2 , 100 
Applied research and data analysis ....................... 4,850 6 , 900 6 , 450 11,700 RD 7- 54 

11 , 218 10,500 RD 7-56 ..................... 10 , 800 Shuttle/Spacelab payload development 11,950 

22,200 Total.. .............................................. 20,400 19,800 19,768 

Space Transportation System Operations . . . . . . . . . . . . . . . . . . .  (---I (---) (600) (1 , 600) 

OBJECTIVES AND STATUS : 

The Materials Processing in Space ( M P S )  program's emphasis is on the fundamental science and technology of 
processing materials under conditions that allow detailed examination of the constraints imposed by gravita- 
tional forces. 
processing and to provide opportunities f o r  independently funded users to exploit space flight f o r  processing 
activities related to their own needs. 
technology will be transferred as appropriate to non-NASA users for their use. 

Its goal is to test and demonstrate the capabilities of the space environment for materials 

As these development, test, and demonstration efforts proceed, the 

Ground-based research, technology development, and payload definition activities in FY 1981 will concen- 
trate on three major processing areas: crystal growth and solidification, containerless processing, and 

RD 7-53 



f l u i d  and chemical  p roces s ing .  
t i o n s  o f  materials p roces s ing  technology.  
i n d u s t r i a l  concerns through the J o i n t  Endeavor mechanism developed i n  1979: such p r o j e c t s  a r e  in tended  t o  
f a c i l i t a t e  e a r l y  t r a n s f e r s  of  space  a c t i v i t y  i n  materials s c i e n c e  and technology t o  pr ivate sponsorsh ip .  
Also,  a small advanced payload p l ann ing  s t u d y  of f u t u r e  o r b i t a l  systems w i l l  be  coo rd ina t ed  w i th  t h e  O f f i c e  
of Space T r a n s p o r t a t i o n  Systems. 

These a c t i v i t i e s  w i l l  p rov ide  t h e  s c i e n t i f i c  b a s i s  f o r  f u t u r e  space a p p l i c a -  
S e v e r a l  j o i n t  agreements w i l l  be  n e g o t i a t e d  du r ing  1980 wi th  

The Shu t t l e /Space l ab  payload development p r o j e c t  w i l  p rov ide  o p p o r t u n i t i e s  t o  per form materials s c i e n c e  
experiments  i n  an  extended,  m ic rog rav i t y  environment.  Cr i t i ca l  de s ign  rev iews  f o r  t h e  payload equipment 
w i l l  be  completed i n  t h e  f i r s t  q u a r t e r  of FY 1981, and most of t h e  work of  f a b r i c a t i o n  and t e s t i n g  w i l l  be 
completed d u r i n g  t h a t  year .  A s  c u r r e n t l y  con f igu red ,  h i s  equipment i n c l u d e s  two systems which s e r v e  m u l t i p l e  
P r i n c i p a l  I n v e s t i g a t o r s :  
f l u i d  f lows d u r i n g  c r y s t a l  growth and o t h e r  f l u i d  p roces se s ,  and t h e  S o l i d i f i c a t i o n  Experiment System, which 
i s  used t o  per form a wide range  o f  c o n t r o l l e d  h igh  tempera ture  me l t i ng  and f r e e z i n g  experiments .  Also i n-  
c luded  i s  s p e c i a l i z e d  equipment f o r  experiments  on vapor c r y s t a l  growth of  mercuric  i o d i d e  and space  produc- 
t i o n  of polymer latexes wi th  uniform p a r t i c l e  s i z e s .  

t h e  F l u i d  Experiment System, which is  used t o  de te rmine  d e n s i t y  g r a d i e n t s  and 

The Space P roces s ing  App l i ca t i ons  Rocket (SPAR) p r o j e c t  w i l l  be completed i n  1980. s ix  SPAR f l i g h t s  w e r e  
conducted over  t h e  p a s t  f i v e  y e a r s ,  two f l i g h t s  are scheduled  f o r  CY 1980, and t h e  f i n a l  f l i g h t  i s  scheduled 
f o r  1981. 
payload appa ra tu s  t o  be  used i n  t h e  S h u t t l e  payload bay, w i l l  complete i t s  development phase i n  1980. 

The Materials Experiment Assembly (MEA), a system of i n t e r f a c e  hardware t h a t  w i l l  enab l e  SPAR 

Applied Research and Data Analys i s  (Ma te r i a l s  P roces s ing )  

1980 
1979 Budget Cur r en t  

Actua l  Estimate Es t imate  
(Thousands of D o l l a r s )  

Ground-based i n v e s t i g a t i o n s ,  a n a l y s i s ,  and s tud i e s . . . . . .  4,850 6 , 900 6,450 

1981 
Budget 

Estimate 

11,700 

OBJECTIVES AND STATUS: 

The Applied Research and Data Analys i s  (ARtiDA) a c t i v i t y  provides  t h e  s c i e n t i f i c  f ounda t ion  f o r  a l l  c u r r e n t  
and f u t u r e  p r o j e c t s  i n  t h e  Materials P roces s ing  i n  Space program. 
r e s e a r c h  which i s  expected t o  develop i n t o  space  i n v e s t i g a t i o n s  w i th  p o t e n t i a l  f o r  f u t u r e  a p p l i c a t i o n s .  I n  
a d d i t i o n ,  t h e  AR&DA program suppor t s  technology development f o r  f u t u r e  ground and space  c a p a b i l i t i e s ,  equip-  
ment d e f i n i t i o n  s t u d i e s  responding  t o  i d e n t i f i e d  space  experiment  needs,  and commerc ia l iza t ion  a c t i v i t i e s  
looking  toward space  e n t e r p r i s e s  i n v o l v i n g  p r i v a t e  i n d u s t r y .  

The emphasis i s  p laced  on ground-based 
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Most research projects in the AR&DA program are initiated as a result of unsolicited proposals from the 
scientific community, which are extensively peer-reviewed prior to selection. The FY 1980 funding augmenta- 
tion has been used to initiate funding of a set of new three-year research projects proposed by leading 
members of the materials science community, and to establish a Materials Processing Center at the Massachu- 
setts Institute of Technology WIT) for work in areas of joint interest to NASA and industry. 
which will continue in FY 1981, concentrates on scientific investigation and technology advancement in infrared 
detector materials, inertial confinement fusion targets, floating zone crystal growth, separation and synthesis 
of biological materials, fluid flow effects in materials processes, and containerless processing techniques. 
The commercialization effort includes studies of institutional, legal, and economic issues of joint NASA/ 
industry ventures, information activities directed toward industry involvement in M P S  projects, and negotia- 
tions with companies interested in undertaking joint space endeavors with NASA. 

Current research, 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The decrease of $450 thousand reflects both an internal program decision to increase the funding in the 
Materials Processing in Space Shuttle/Spacelab Payload Development project by $418 thousand for scientific 
investigators utilizing the Spacelab experiment systems and a $32 thousand reduction as part of a general 
Congressional reduction in the Agency's budget. 

BASIS OF FY 1981 ESTIMATE: 

The level of effort budgeted for FY 1981 will continue the expanded ground-based research program initiated 
in FY 1980 in response to recommendations from the National Academy of Sciences. The FY 1981 budget request 
will maintain the activities initiated in 1980 at MIT and elsewhere, which include investigations of crystal 
growth, self-generated flows in weightless fluids, separation processes for biological materials, controlled 
solidification processes, and containerless processing. 

In FY 1981, the program's current principal equipment definition activities will continue. These include 
definition of scientific requirements and technology needs for floating zone crystal growth and acoustic 
containerless processing experiment systems, and system definition of a free-flying payload carrier which 
will allow extended time in orbit for materials processing payloads through interface with the 25-kw power 
module or other future free-flying host vehicles. 

The AR&DA funding augmentation requested for FY 1981 will provide for increased effort in advanced technology 
development to meet needs identified in the ground based research program, and definition studies on space 
experiment systems to pe.rform investigations arising from M P S  materials research. 
technology will be developed in the area of electromagnetic,acoustic, and electrostatic levitation, high 
temperature heat pipes, materials properties measurements, holography, and the production and purification 
of biological materials. 
magnetic Containerless Processing System, Bioprocessing System, High Gradient Furnace, and Space Vacuum 
Technology Demonstration. 

New materials processing 

Definition studies will be performed for future initiatives including the Electro- 
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S h u t t l e / S p a c e l a b  Payload Development (Materials P rocess ing )  

1980 1981 
1979 Budget Cur ren t  Budget 

Ac tua l  Es t ima te  Es t ima te  E s t i m a t e  
(Thousands of  D o l l a r s )  

Payload development and o p e r a t i o n  ................... 11 , 950 10 , 800 11,218 10 , 500 

OBJECTIVES AND STATUS: 

The Space P rocess ing  S h u t t l e  Payloads  p r o j e c t  i n c l u d e s  t h e  d e s i g n  and development o f  a b a s i c  set  of payload 
equipment f o r  space  exper iments  on m a t e r i a l s  and p rocesses ,  and p r o v i s i o n s  f o r  conduct ing  experiments  w i t h  
t h i s  equipment on Space T r a n s p o r t a t i o n  System (STS) f l i g h t s .  The f i r s t  series o f  exper iments  t o  use  t h e  
equipment w i l l  be flown on t h e  Spacelab  3 mis s ion  i n  1982 and a p a l l e t  miss ion  i n  1983. 
s e l e c t e d  f o r  t h e s e  f l i g h t s  cover  t o p i c s  i n  c r y s t a l  growth, f l u i d  f low e f f e c t s ,  p h y s i c a l  me ta l lu rgy ,  s p e c i a l -  
i z e d  composite  m a t e r i a l s ,  and po lymer i za t ion .  
long service l i f e t i m e ,  s o  t h a t  i t  can be used f o r  f u r t h e r  exper iments  on l a t e r  miss ions  wi thou t  new develop-  
ment o r  s u b s t a n t i a l  mod i f i ca t ion .  

I n v e s t i g a t i o n s  

A l l  o f  t h e  equipment w i l l  be  des igned f o r  r e p e a t e d  use  and a 

Four equipment systems are under development and scheduled  f o r  P r e l i m i n a r y  Design R e v i e w s  i n  FY 1980. 
o f  t h e s e  are m u l t i u s e r  f a c i l i t i e s :  t h e  F l u i d  Experiments System (FES), a s o p h i s t i c a t e d  ho log raph ic  o p t i c a l  
measurement sys tem t o  de termine  d e n s i t y  g r a d i e n t s  and f l u i d  f lows d u r i n g  c r y s t a l  growth and analogous p r o c e s s e s ,  
and t h e  S o l i d i f i c a t i o n  Experiments System (SES), a versati le e lec t r i c  f u r n a c e  sys tem capab le  o f  per forming a 
wide r ange  of  c o n t r o l l e d  h i g h  tempera ture  me l t ing  and f r e e z i n g  exper iments .  I n  a d d i t i o n ,  two appa ra tus  systems 
are be ing  b u i l t  s p e c i f i c a l l y  f o r  i n d i v i d u a l  i n v e s t i g a t i o n s :  t h e  Vapor C r y s t a l  Growth sys tem (VCG) w i l l  grow 
massive s i n g l e  c r y s t a l s  o f  mercur ic  i o d i d e  by evapora t ion  and r econdensa t ion ,  and t h e  Monodisperse Latex 
Reactor  (MLR) w i l l  b e  used t o  s t u d y  t h e  k i n e t i c s  o f  la tex  p a r t i c l e  growth under c o n d i t i o n s  t h a t  produce 
p a r t i c l e s  o f  uniform s i z e .  The scheduled  development of t h e  Polymer L a t e x  Reactor  (PLR) and t h e  Acous t ic  
C o n t a i n e r l e s s  P rocess ing  Module (ACPM), planned f o r  f l i g h t  i n  1982, has  been d e f e r r e d  because  of  a combinat ion  
o f  technology problems i n  t h e  ACPM and h i g h e r  t han  a n t i c i p a t e d  c o s t  e s t i m a t e s  f o r  bo th  systems.  

Two 

CHANGES FROM FY 1980 BUDGET ESTIK4TE: 

The i n c r e a s e  o f  $418 thousand r e f l e c t s  an  i n t e r n a l  program ad jus tmen t  from ARSLDA t o  meet c u r r e n t  r e q u i r e -  
ments f o r  s c i e n t i f i c  i n v e s t i g a t o r s  u t i l i z i n g  t h e  Spacelab  experiment  systems.  
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BASIS OF FY 1981 ESTIMATE: 

C r i t i c a l  Design Reviews f o r  a l l  fou r  appa ra tu s  systems w i l l  be  completed by l a t e  1980, and hardware f a b r i -  
c a t i o n  w i l l  be  performed through FY 1981, l e ad ing  t o  d e l i v e r y  f o r  i n t e g r a t i o n  e a r l y  i n  FY 1982. P r i n c i p a l  
I n v e s t i g a t o r s  w i l l  complete  development of t h e i r  f l i g h t  experiment  p r o t o c o l s  and samples f o r  t h e  miss ions  t o  
b e  flown i n  FY 1983, and d e t a i l e d  development w i l l  b eg in  on experiment  p r o t o c o l s  f o r  new and d e f e r r e d  
i n v e s t i g a t i o n s  t h a t  w i l l  f l y  experiments  u s i n g  t h e  same appa ra tu s  on subsequent  f l i g h t s .  
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BASIS OF FY 1981 F U N U l N t i  KLyUlKEMENTS: 

SPACE COMMUNICATIONS 

Search and rescue mission............................... 
Technical consultation and support studies............. 
Applied research and data analysis..l.................. 
Follow-on data analysis and operations................. 
Applications data service definition................... 
Data management...........,............................. 
Adaptive multibeam phased array (AMPA) system. ......... 

Total .............................................. 

1979 
Actual 

8,000 

3,900 
4 , 5 0 0  

100 
1,800 
1 , 2 0 0  

2 2 , 6 0 0  

3,100 

1980 
Budget Current 
Estimate Estimate 
(Thousands of Dollars) 

5,000 
3,000 
6 , 2 0 0  
3,800 
2 ,400  
1,500 
1 400 

23,300 

5,000 
2,982 
6 , 2 0 0  
3,783 
2,400 

700 
1 , 6 6 0  

2 2 , 7 2 5  

1981 
Budget 
Es t ima t e 

2,300 
3,200 

1 6 , 6 0 0  
2,300 
3,000 
1,600 --- 

29 000 

Page 
No. - 

RD 7- 6 0  
RD 7 - 6 1  
RD 7 - 6 2  
RD 7 - 6 4  
RD 7 - 6 5  
RD 7- 6 6  
RD 7- 6 7  

OBJECTIVES AND STATUS: 

The objective of the Space Communications program is to provide for the most effective use of limited 
geosynchronous orbit and radio spectrum resources while promoting United States leadership by support of 
technology development in satellite communications. In FY 1981, the communications program will continue 
the development ‘of a strong technology base--particularly in multibeam antennas and on-board switching 
techniques--from which future plans for new capabilities and flight test programs can be developed. It 
also will concentrate on the definition of systems techniques which provide data to users in a more timely 
and more useable manner. A primary thrust will be advanced technology development for communication space- 
craft to operate in the frequency band at 30/20 gigahertz (GHz) .  Activities in FY 1981 will include devel- 
opment of critical subsystems technology, completion of pre-project studies, and development of experiment 
plans. 

The communications research and development effort reflects t-he policies set forth by the President in 
1978 which state that United States leadership in communications satellite systems will be supported by NASA 
and that selected technological opportunities to provide better frequency and orbit utilization and other 
longer-term opportunities will be pursued. This effort also responds to Congressional support for a re- 
vitalized Federal communications research and development effort. The advice of the communications industry 
has been incorporated and will complement private sector research and development, using NASA’s unique 
capability to provide technology proof-of-concept testing in high risk areas. This will enable industry to 
more confidently approach future improved systems and less costly service offerings to all user communities. 
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FY 1980 funds will complete the development of the Adaptive Multibeam Phased Array (AMPA) antenna. This 
antenna will be used to conduct ground-based experiments in quickly forming, shaping, and pointing transmit 
and receive beams to ground users in various locations, while avoiding potential interference. 

The experimental Search and Rescue program, which will use satellites to aid in the detection and location 
of distress beacons carried by ships and aircraft, will continue in FY 1981. During FY 1979, modification of 
the appropriate N O M  operational meteorological spacecraft (NOM-E, -F, -G) to accept Canadian and French 
equipment, and the development of the spacecraft antennas were initiated. Spacecraft modifications will be 
completed during FY 1980. 
data, and developing a flight test program. 
Transportation, Commerce, and Defense and with France, Canada, and the USSR. 

Other activities in FY 1980 include building a ground station to accept satellite 
This work will be done in conjunction with the Departments of 

Technical consultation and support studies will continue to provide the necessary technical information 
concerning the growth of existing satellite services and the inclusion of new satellite applications. 
Special emphasis will be placed on orbit and spectrum utilization studies and on assessing the impact of the 
General World Administrative Radio Conference (GWARC) on present and future telecommunications and remote 
sensing. 
techniques and strategies, design standards, and the determination of the effects of propagation phenomena 
and man-made noise on performance, design, and efficient use of the geostationary orbit and radio spectrum. 

Orbit and spectrum utilization studies include the development of frequency and orbit sharing 

FY 1981 funds will support the continued operations of Applications Technology Satellites-1,and - 3,  while 
providing for the orderly phaseout of the Applications Technology Satellite-6 and Communication Technology 
Satellite public service user experiments and demonstration. These funds will also provide for the transi- 
tion of federal public service communications activities fromi NASA to the National Telecommunications and 
Information Administration (NTIA) within the Department of Commerce. 
the NTIA and its Interagency Committee on Satellite Telecommunications Applications, representing 18 Federal 
agencies, undertaking technology development which will enable industry to meet more effectively the growing 
communications needs of Federal agencies. 

During FY 1981, work will continue with 

FY 1981 funds will support definition of the Applications Data Service (ADS), a data sharing network 
service, to meet future user data access and integration needs. Pilot demonstrations defined in FY 1980 will 
be implemented to evaluate ADS standards and concepts. In addition, FY 1981 funds will support generalized 
data systems studies as well as specialized data management technique development tasks. 
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Search and Rescue Mission 

1980 i981 
1979 Budget Cur ren t  Budget 

Actual  Es t imate  Es t imate  Es t imate  
(Thousands of D o l l a r s )  

Search and Rescue Mission. ..................................... 8,000 5 , 000 5 , 000 2 , 300 
A t l a s  (expendable  launch v e h i c l e s  program) ..................... (---) (2,000) (1 , 200 1 (---) 

OWECTIVES AND STATUS: 

The o b j e c t i v e  of t h e  Search and Rescue Miss ion i s  t o  demonstra te  t h e  f e a s i b i l i t y  of u s i n g  s a t e l l i t e s  t o  
p r o v i d e  a s i g n i f i c a n t  improvement i n  t h e  c a p a b i l i t y  f o r  s e a r c h  and r e s c u e  f o r c e s  t o  d e t e c t  and l o c a t e  d i s t r e s s  
s i g n a l s  from g e n e r a l  a v i a t i o n  a i r c r a f t  and c e r t a i n  mar ine  vessels d u r i n g  emergencies. 
shown t h a t  s a t e l l i t e s  f l y i n g  a t  an  850 k i l o m e t e r  a l t i t u d e  can d e t e c t  t h e  emergency beacons p r e s e n t l y  c a r r i e d  
by a i r c r a f t  and sh ips .  
beacons t o  an accuracy  of about 15-20 k i l o m e t e r s  (based on t h e  p r e s e n t l y  employed emergency f r e q u e n c i e s ,  
121.5 and 243 NHz), 
w i t h  i t s  s t r o n g e r  s i g n a l ,  t o  about  5 k i lomete r s .  The experiment w i l l  pe rmi t  r e s c u e  f o r c e s  t o  a r r i v e  a t  t h e  
a c c i d e n t  scene  more q u i c k l y  t h a n  i s  p r e s e n t l y  p o s s i b l e ,  because  of t h e  more comprehensive coverage a s a t e l -  
l i t e  system can p rov ide  u s i n g  conven t iona l  f r e q u e n c i e s ,  and t h e  combination of improved performance and added 
coverage u s i n g  t h e  new frequency. 

Systems s t u d i e s  have 

P r e l i m i n a r y  c a l c u l a t i o n s  i n d i c a t e  t h a t  t h e  s a t e l l i t e  can f i x  t h e  p o s i t i o n  of t h e s e  

and could  p o s i t i o n  a proposed new beacon (us ing  t h e  r e c e n t l y  a l l o c a t e d  406 MHz f requency) ,  

This  i n t e r a g e n c y  program i s  be ing  conducted j o i n t l y  w i t h  Canada and France; n e g o t i a t i o n s  w i t h  t h e  Sov ie t  
Union f o r  t h e  o p e r a t i o n  of a compat ible  s p a c e c r a f t  system have been completed. 
s p a c e c r a f t ,  launch v e h i c l e ,  and t h e  U.S. ground s t a t i o n s ;  t h e  Canadians w i l l  p rov ide  t h e  space  telecommuni- 
c a t i o n s  equipment and ground s t a t i o n  i n  t h e i r  country;  and France w i l l  p r o v i d e  an onboard p rocessor  and 
r e c e i v e r .  The Sov ie t  Union w i l l  launch and m a i n t a i n  i n  o r b i t  two s p a c e c r a f t  o p e r a t i o n a l l y  compat ible  w i t h  
t h e  U.S., French, and Canadian system and w i l l  o p e r a t e  t h e i r  own ground s t a t i o n .  I n  a d d i t i o n  t o  NASA, t h e  
Departments of Defense and T r a n s p o r t a t i o n  a r e  expected t o  purchase  and o p e r a t e  ground s t a t i o n s  and p a r t i c i -  
p a t e  i n  t h e  program t e s t  and e v a l u a t i o n  phase  w h i l e  NOAA i s  p r o v i d i n g  t h e  s p a c e c r a f t  f o r  m o d i f i c a t i o n .  

The U.S. w i l l  p r o v i d e  t h e  

The d e s i g n  of t h e  s p a c e c r a f t  m o d i f i c a t i o n  t o  accommodate t h e  Search and Rescue i n s t r u m e n t a t i o n  and t h e  
d e s i g n  of t h e  r e q u i r e d  s p a c e c r a f t  an tennas  have been completed. 
has  begun. 
User Terminal i s  be ing  procured,  w i t h  development planned t o  beg in  i n  mid-FY 1980. 

F a b r i c a t i o n  of t h e  s p a c e c r a f t  and an tennas  
A new improved 406 MHz Emergency Locator  Transmi t t e r  i s  c u r r e n t l y  being developed. The Local 
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BASIS OF FY 1981 ESTIMATE: 

FY 1981 funding will support the integration and test of the Search and Rescue instrumentation with the 
NOM-E, -F, and -G spacecraft; continue the development of the Local User Terminal, the Emergency Locator 
Transmitter and the necessary modifications to the N O M  ground stations; and begin the development of the 
demonstration and evaluation test plans. 

Technical Consultation and Support Studies 

1980 1981 
1979 Budget Cur r en t Budget - 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Technical Consultation and Support Studies.,.................... 3,100 3,000 2,982 3,200 

OBJECTIVES AND STATUS: 

The objective of this program is to provide technical consultation, special studies, and experiments on 
frequency and orbit utilization for NASA and other U.S. Government agencies. 
performed help provide the necessary technical information concerning the growth of existing satellite 
services and the inclusion of new satellite applications. 
orbit and spectrum utilization; satellite systems support; and communications satellite application system 
studies . 

Studies and experiments being 

The effort is grouped into three main categories: 

Orbit and spectrum utilization includes the development of frequency and orbit-sharing techniques and 
strategies, design standards, and the determination of the effects of propagation phenomena and man-made 
noise on performance, design, and the efficient use of the geostationary orbit and radio spectrum. Satellite 
systems support includes design and flight readiness reviews and technical assessments on Intelsat and Domsat 
systems for the Federal Communications Commission (FCC) and special studies on high priority FCC and NASA 
program office requests. Communications satellite application system studies are primarily structured to 
meet statutory and regulatory requirements and to ensure compatibility of NASA flight programs with other 
space and terrestrial services. 

These studies and experiments'have supported U.S. preparations for and NASA participation in the 1979 
General World Administrative Radio Conference. Our preliminary assessment of the 1979 GWARC is that the 
results were generally favorable, inasmuch as almost all of the positions sought  and staffed by NASA were 
successfully obtained. In FY 1980, a more detailed assessment of the results of the MARC with respect to 
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NASA, national, and international implications has been initiated. A draft of the Propagation Design 
Handbook for satellite system designers has been completed and is currently being reviewed by industry and 
universities. Propagation effects measurements at 30120 GHz using COMSTAR are continuing at four university 
locations. 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

As part of an overall Agency adjustment due to the general Congressional reduction in the Agency Research 
and Development Appropriation request, a minor reduction was made in the funds allocated for this project. 

BASIS OF FY 1981 ESTIMATE: 

In FY 1981, emphasis will be placed upon assessing the results of the 1979 General World Administrative 
Radio Conference (GWARC), and their implications for U.S. telecommunications. 
support of the 1983 Region 2 (Western Hemisphere) Conference on Broadcast Satellites and the proposed 
International Conferences on Space Services Planning (geostationary orbit and frequency assignment planning). 

Studies will be expanded in 

Studies and experiments will also be continued in the areas related to the use of active and passive 
microwave sensors essential to resource and environmental observations; broadcast and mobile satellite 
services; emergency and disaster communications; energy transmission from space; and techniques, models, and 
strategies for improving the use of the radio frequency spectrum and the geostationary orbit. 

Applied Research and Data Analysis (Space Communications) 

1979 
Actual 

Wideband 30120 GHz definition.................................... "-- 
Applications pilot test.......................................... 497 

Advanced technology development............................... --- 
Development of advanced flight experiments....................... 

Advanced cammunications research...............................; 3,103 

300 - 

1980 
Budget Current 
Estimate Estimate 
(Thousands of Dollars) 

6,200 6.200 

1981 
Budget 
Est imat e 

1,200 

10,000 

--- 
5,400 

--I 

16.600 
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OBJECTIVES AND STATUS: 

The Applied Research and Data Analysis (AR&DA) activities consist of system studies, development of 
technology for proof-of-concept flight programs, and experiments which provide new technology and technique 
concepts to aid private industry in offering new, improved and affordable communications services. 

The communications traffic forecasts conducted by communication common carriers for NASA predict that the 
capabilities of current technology communications satellites will be saturated about 1990. In order to 
provide growth beyond that time, new frequency bands, multiple beam spacecraft antennas providing frequency 
re-use, and on-board switching systems must be developed. While these systems show great promise, they 
also entail high technical risks because of the uncertainties involved in rainfall attenuation at the 30120 
GHz band, and in the cost of development and tests of new transmitters and receivers, multibeam antennas, 
and on-board switches and signal processors. The focusing of NASA efforts upon this program will provide 
for a clearer understanding of the technology developments and verification testing needed to reduce the 
perceived risks of commercial utilization of these technologies. 
uncertainties (performance, schedule, and cost) in all major subsystems for future experimental missions. 
They will also advance U.S. industry's capabilities well beyond that available elsewhere in the world. 
Further, they will establish the feasibility of unique new communications capabilities involving vastly 
greater bandwidths (2.5 GHz versus 0.5 GHz)  for point-to-point applications, and direct-to-customer services 
that will benefit from small antenna diameters, low cost earth stations, and locations in metropolitan areas. 
The former capabilities will alleviate spectrum-orbit congestion, while the latter will allow entirely new 
communications services to develop. 

These activities will resolve development 

BASIS FOR FY 1.981 ESTIMATE: 

The primary thrust of AR&DA is focused on the design and development for the critical subsystem technology 
required for a 30120 GHz communications satellite, with frequency reuse in multiple beam spacecraft antennas, 
and on-board switching systems to permit interconnections between multiple beams. 
support critical component technology development required for a 30120 GHz communications satellite. These 
critical components include an advanced multibeam antenna system for direct-to-user applications, an 
advanced multibeam antenna system for point-to-point trunking applications, a radio frequency switching 
matrix for interbeam switching of analog signals, a baseband switching system for interbeam switching of 
digital signals, a high power transmitter for the 20-GHz downlink from the satellite, and a low noise 
receiver for the 30-GHz uplink to the satellite. 

FY 1981 funding will 
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Follow-on Data Analysis and Operations 

1980 1981 
1979 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Follow-on Data Analysis and Operations........................ 3,996 3,000 2,983 1,400 
900 - 504 800 800 Applications Pilot Test....................................... - 

Total.......................................~............... 4,500 3.800 3.783 2.300 

OBJECTIVES AND STATUS: 

The objective of this program is to continue experiment support for ATS-1, -3, and - 5;  and complete, 
appropriately document, and archive the wide range of user experiments and demonstrations in the application 
of satellite communications. Past experiments with NASA experimental satellites (ATS series and CTS) have 
generated great interest nationally and internationally in satellite telecommunications. Nearly 400 communi- 
cations experiments using the ATS series and CTS have been successfully conducted during the extended life- 
times of these satellites to provide user experience for making decisions regarding their communications 
functions. NASA's stimulus in encouraging use of these unique facilities has led to wider use of commercial 
satell-ites, which can now better meet needs for flexibility and continuity of services. Complete reports on 
experiment results will be prepared for use by the many interested groups that could not directly participate. 
Public service user experiments on ATS-6 and CTS were completed on June 30, 1979. ATS-1, -3, and -5 experi- 
mentation continues. 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The decrease of $17 thousand in FY 1980 is a result of an overall Congressional general reduction in the 
FY 1980 Research and Development appropriation request. 

BASIS OF FY 1981 BUDGET ESTIMATE: 

FY 1981, funding will provide for continued support of the ATS-1,and -3 experimentation and support 
activities. Public service user experiments on ATS-6 and CTS were completed on June 30, 1979. FY 1981 will 
complete the phasedown years, during which results of 400 experiments performed since 1969 will be compiled 
so that the results may be of value to future communications activities. The results of these experiments 
will continue to support the National Telecommunications and Information Administration's (NTIA) efforts to 

RD 7-64 



transfer the public service satellite communications community to commercial satellites and services. A 
continuing activity in this support will be the Systems Architecture Study in which a thorough and careful 
investigation of all practical commercial communications links for the Public Service user is made. 
Additional support to NTIA will include Technology Transfer Policy Analysis and Public Services Policy 
Analysis. 

In the Applications Pilot Test program, NASA will continue to support the public service communications 
project with the Public Service Satellite Consortium to provide for technology transfer of satellite 
communi cat ions applications . 

Applications Data Service Definition 

1980 1981 
Budget Current Budget 1979 - - 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Applications Data Service Definition.......................... 100 2,400 2 , 400 3 , 000 

OBJECTIVES AND STATUS: 

The objective of the Applications Data Service ( A D S )  definition activity is to analyze approaches for 
economically and efficiently meeting future applications data access and integration needs. In the 1980's 
effective use of information gained from multiple sources is key to the users success in dealing with large 
scale modeling in agriculture, ocean studies, and weather and climate forecasting. This requires timely 
access to and integration of data from a dozen or more interdisciplinary sources. 

The ADS will build upon existing and future applications data systems, encourage the convergence of those 
systems and their products into a compatible and integrated structure through the definition of data and 
data systems standards, and develop a network service €or data transmission and integration. 

ADS preliminary requirements and concept studies presently are underway and will be completed by late 
1979. FY 1980 studies will define initial standards as well as a pilot activity to test/demonstrate ADS 
concept feasibility. 

BASIS OF FY 1981 ESTIMATE: 

FY 1981 funding will be used to implement two to three small A D S  pilot activities which will test/demon- 
strate ADS standards and data system concepts as applied to specific NASA applications. FY 1981-82 pilot 
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activities will focus and validate ADS standards and concepts, providing required definition material for 
support of full-scale network service implementation. Full-scale ADS implementation could begin as early 
as FY 1983 in anticipation of having a fully operational system by the mid-1980's. 

Data Management 

1980 1981 
1979 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars ) 

Data Management............................................... 1,800 1,500 700 1,600 

OBJECTIVES AND STATUS: 

The objective of the data management effort is to define and help meet the Applications Program needs for 
extension of current data system technology or techniques. Trends toward increasing data volumes and com- 
plexity coupled with more stringent data timeliness requirements make the successful identification and 
development of such technology key to future Applications Programs/user success. The completion of cluster 
coding technique development and test will occur in FY 1980; in addition, the initial results from a data 
baselmanagement systems study and panel review will be available. 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The decrease in FY 1980 reflects a reallocation to provide funds for the procurement of the ER-2 aircraft. 
Lower priority data management activities to be deferred include identification of common data requirements 
among Space Applications disciplines, planning for future data systems analysis and workshops, and a system 
analysis study to identify spacecraft attitude control technology to aid in image data registration for 
mapping. 

BASIS OF FY 1981 ESTIMATE: 

In FY 1981, generalized systems studies as well as speciali-zed technique development tasks will be 
continued or initiated. Analyses will consider new systems structures which take advantage of data or 
system requirements common to multidisciplines. Technique development work will continue for specific 
areas of data baselmanagement systems as well as for the processing of Synthetic Aperture Radar data. 
Study efforts will begin on cross-correlative multidisciplinary datalinformation overlay techniques and 
auto-mosaicking of multispectral imagery. 
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Adaptive Multibeam Phased Array (AMPA) System 

1980 1981 
1979 Budget Current Budget 

Actual  Est imate  Es t imate  Es t imate  
(Thousands of D o l l a r s )  

Adapt ive  Multibeam Phased Array (AMPA) System... . ...... .. ... ... 1,200 1 , 400 1,660 --- 
OBJECTIVES AND STATUS: 

The o b j e c t i v e  i s  t o  develop a promising communications system t h a t  w i l l  c a p i t a l i z e  on t h e  unique p r o p e r t i e s  
of a d a p t i v e  phased a r r a y s  t o  p r o v i d e  s a t e l l i t e  communications c a p a b i l i t y  t o  smal l  low c o s t  mobi le  Ear th  
t e r m i n a l s .  

An a d a p t i v e  multibeam phased a r r a y  (AMPA) can form, shape, and p o i n t  s e v e r a l  independent t r a n s m i t  and 
receive beams q u i c k l y  t o  s m a l l  ground a r e a s  i n  d i f f e r e n t  geograph ic  l o c a t i o n s ,  w h i l e  avo id ing  i n t e r f e r e n c e .  
Th i s  a l l o w s  a l a r g e  number of low c o s t  ground u s e r  t e r m i n a l s  t o  be  se rved  on demand, by r e u s i n g  f requency 
w i t h i n  a l i m i t e d  f requency spectrum. This  t y p e  of  antenna has  d i r e c t  a p p l i c a t i o n  f o r  service t o  smal l  
mobi le  e a r t h  t e r m i n a l s  t h a t  might  b e  used on c a r s ,  t r u c k s ,  b o a t s ,  o r  d a t a  c o l l e c t i o n  p la t fo rms .  

I n  1980, work w i l l  b e  completed on t h e  development of an  exper imenta l  AMPA system under c o n t r a c t  w i t h  t h e  
I n  1981, ground-based performance v e r i f i c a t i o n  and p r e l i m i n a r y  a p p l i c a t i o n  Airborne Ins t rument  Laboratory.  

t e s t s  w i l l  be  conducted in-house. No FY 1981 R&D funding i s  planned f o r  t h i s  a c t i v i t y .  The program i s  
proceeding smoothly and t h e  system w i l l  be  ready f o r  o v e r a l l  o p e r a t i o n a l  performance t e s t s  i n  1982. 

CHANGES FROM FY 1980 BLTDGET ESTIMATE: 

The i n c r e a s e  i n  t h e  FY 1980 budget r e f l e c t s  an i n t e r n a l  adjus tment  of funds  t o  m e e t  c u r r e n t  requirements .  
P lans  f o r  a Spacelab m i s s i o n  have been d e f e r r e d  and t h e  AMPA development w i l l  be completed i n  F Y  1981. 
Labora to ry  t e s t s ,  t o  be  conducted i n  1982, w i l l  be  under taken a s  p a r t  of t h e  development c o n t r a c t .  This  
l a b o r a t o r y  t e s t i n g  of t h e  exper imental  AMPA system w i l l  a l low con t inued  technology p r o g r e s s  and permit  
e a s i e r  m o d i f i c a t i o n  of t h e  ins t rument  d e s i g n  t o  S h u t t l e  s p e c i f i c a t i o n s  i f  a f l i g h t  t e s t  i s  decided upon 
f o r  t h e  post-1982 timeframe. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1981 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF SPACE AND TERRESTRIAL APPLICATIONS TECHNOLOGY UTILIZATION PROGRAM 

SUMMARY OF RESOURCES REQUIREMENTS 

1980 1981 
1979 Budget Current Budget Page 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Technology dissemination ............................... 3. 200 3 . 800 3 800 4. 100 RD 8 - 4  
Technology applications ................................ 4. 500 4 . 400 4 . 400 4. 800 RD 8-4 
Program evaluation and support ......................... 1. 400 1 . 500 1 . 500 1. 600 RD 8 -4  
civil systems* ......................................... (1. 800)  2 .  400 2. 400 2.  600 RD 8-5 

9.100 Total ................................................ 
Distribution of Program Amount by Installation: 

Johnson Space Center ................................... 145 
Kennedy Space Center ................................... 100 
Marshall Space Flight Center ........................... 562 
National Space Technology Laboratories ................. ... 

Jet Propulsion Laboratory .............................. 569 
Wallops Flight Center .................................. 4 
Ames Research Center ................................... 733 
Dryden Flight Research Center 54 
Langley Research Center ................................ 7 10 
Lewis Research Center .................................. 415 
Headquarters ........................................... 4. 943 

Goddard Space Flight Center ............................ 865 

.......................... 

12:  100 1 2 .  100 13 100 

200 
150 
500 

50 
900 

1 . 700 
200 

60 

400 
5 .  940 

1 . 000 

1 . 000 

100 
100 
550 
100 
800 

1 700 
300 
920 
37 

800 
800 

5 .  893 

150 
150 
540 

75 
880 

1 . 990 
375 

1 . 250 
50 

890 
750 

6 .  000 

................................................ 12.100 12.100 WQ Total 9.100 
*Prior to FY 1980. this effort was included in Space Applications . RD 8- 1  



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1981 ESTIMATES 

OFFICE OF SPACE AND TERRESTRIAL APPLICATIONS TECHNCLOGY UTILIZATION PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION 

Technology Utilization program objectives encompass the transfer of new knowledge and innovative aerospace 
technology resulting from NASA R&D programs for application and use in the private and public sectors of the 
U.S. economy. Important public sector areas include medicine, transportation, environment, urban development 
and public safety. Specific program objectives are: 

(1) To accelerate and facilitate the application and use of new technology, shortening the time between 
generation of advanced aeronautics and space technologies and their use in the economy; 

( 2 )  To encourage multiple secondary uses of NASA technology in industry, education and Government where 
a wide spectrum of technological problems and needs exist; 

( 3 )  To understand more fully the technology transfer process and its impact on the economy, and to manage 
and optimize the process in a systematic way; and 

( 4 )  To develop applications of NASA's aerospace expertise - its technology, technologists and unique 
facilities - to priority nonspace needs of the nation. 

Aerospace technology is transferred to the public and private sectors of  the nation's economy through a 
variety of established mechanisms developed and managed under the NASA Technology Utilization program. These 
mechanisms or project areas include: publications and announcements, Industrial Applications Centers, the 
Computer Software Management and Information Center (COSMIC), State Technology Applications Centers, appli- 
cations teams/applications engineering projects, and civil systems projects. 

OBJECTIVES AND STATUS : 

User response to the NASA Tech Brief journal this past year has dramatically increased with nearly 180,000 
industrial inquiries received by NASA for technical details concerning new technologies announced therein. 
This three-fold increase in inquiries over the previous year has also been accompanied by a steady growth 
rate of the journal mailing list during 1979 of 1,800 industrial recipients per month compared to 1,300 per 
month the previous year. Such response and interest by U.S. industries continues to reflect the importance 
of the NASA Tech Brief journal in the Agency's technology transfer programs. 
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The NASA sponsored Computer Software Management and Information Center (COSMIC) and the NASA Industrial 
Applications Center (IAC) network continued to provide U.S. industry with relevant information services and 
computer programs as evidenced by the industrial support to these activities. 
for services rendered by these centers reached $2.8 million in 1979 compared to $2.2 million the previous 
year. 
technology, particularly in small, high technology business firms. In this regard, NASA has continued its 
cooperative project with the Small Business Administration during this past year to provide IAC services to 
small businesses in the northeastern, midwestern and western regions through IAC's located in those areas. 

Total IAC industrial income 

This 27 percent increase continues to indicate a strong growth pattern in industrial use of aerospace 

Evidence of technology transfer has been systematically documented and evaluated as part of NASA's con- 
tinuing transfer research and impact studies activities. Selected cases of transfer and use are published 
and disseminated in the annual "Spinoff" report to industry and the general public, in order to create 
widespread awareness of program activities and results of NASA technology transfer programs. Program 
evaluation efforts continued to increase the efficiency and effectiveness of NASA's transfer programs and 
projects during this past year. 

Over seventy applications engineering projects for adapting existing aerospace technology to defined 
needs in the public sector were active last year. These projects, which are jointly funded by NASA and 
user agencies such as the Departments of Transportation and Health, Education and Welfare and the Environ- 
mental Protection Agency, include: the portable firefighting module developed for the U.S. Coast Guard; 
a highly reliable water quality monitor for EPA; and a human tissue stimulator being developed in con- 
junction with Johns Hopkins University Medical Center (Pain Center) and the National Institutes of Health. 
Continuing attention will be devoted to the problems of the handicapped, with special emphasis placed on 
developing aids for assisting the aged and for rehabilitation work. 

Transfer of the Civil Systems program to Technology Utilization consolidated all NASA Terrestrial Appli- 
cations engineering projects for public and private sector organizations. Current projects include: 
the Advanced Ocean Technology Development Platform (AOTDP) for use in evaluating and generating new deep 
ocean instrumentation and sensors; and environmental sensors and systems to detect and analyze air and 
water pollutants. A systems design will be accomplished for a sea bed lander as part of the Office of 
Naval Research/Woods Hole Oceanographic Institute High Energy Benthic Boundary Layer Experiment (HEBBLE) . 
This project will investigate a broad range of physical phenomena accompanying high velocity currents 
at the sea floor/ocean interface at depths of 4,000 to 6,000 meters. 

Documented evidence of technology (i.e., the annual "Spinoff" report) is continually recorded, evaluated 
and disseminated to industry and the general public as a means of creating widespread awareness of program 
activities and available NASA technology transfer services. Efforts continue on methods and procedures to 
increase the efficiency and effectiveness of all programs. 
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BASIS OF FY 1981 ESTIMATE: 

Technolopy Dissemination 

In FY 1981, NASA plans to meet the growth demands of the Tech Brief journal (up to an estimated level 
of 75,000 industrial recipients) and maintain the continued operation of NASA's information dissemination 
network, including the seven Industrial Applications Centers, the State Technology Applications Centers 
in Florida and Kentucky, and the Computer Software Management and Information Center (COSMIC). NASA plans 
to continue its joint program with the Small Business Administration to provide NASA information dissemi- 
nation center services to small business firms. A similar joint program for minority businesses will be 
sought during FY 1981 with the Minority Business Development Agency of the Department of Commerce. 
Additionally, NASA will continue its efforts in FY 1981 to increase and accelerate the flow of NASA tech- 
nology into selected industrial sectors through interactive efforts with industrial and trade associations. 

Technolopy Applications 

In FY 1981, NASA plans to continue operation of its three Biomedical Applications Teams as well as its 
application teams in transportation, public safety and manufacturing to identify national problems and 
needs in these public sectors which can be addressed through the application of aerospace technology 
and capabilities. 
ment and water quality during FY 1981 as well as those noted above. Multiyear application projects, such 
as a gas analysis instrument to detect toxic substances for firefighters and nickel-zinc battery develop- 
ments for prosthetic devices for the handicapped, will be supported during FY 1981 in cooperation with 
user agencies. 

Additional emphasis will be placed on problem identification and solution in environ- 

Program Evaluation and Support 

In FY 1981, NASA will continue transfer research and impact studies to identify benefits and economic 
impacts resulting from its technology transfer programs. 
will be continued to determine the most effective transfer mechanisms and to focus on selected opportunities 
for increasing the benefit of those program efforts. Scientific and Technical Information (STI) data 
base support for NASA Industrial Applications Centers will continue as will publication inquiry support 
at the NASA STI Facility. 

Program evaluation and socio-economic assessments 
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Civil Systems 

In N 1981, NASA plans to continue most of its Civil Systems projects already initiated with other Federal 
agencies including, for example, environmental monitoring and control and agricultural productivity. In 
addition, the program will allow for a limited degree of flexibility in the selection of new projects that 
explore innovative applications of aerospace-derived technology to other non-aerospace-oriented disciplines. 
Specific projects include the extension of our automated water monitoring system to measure contaminants in 
potable water and monitoring the quality of natural water bodies. 
demonstration of the Advanced Ocean Technology Development Platform (AOTDP) in the deep ocean environment 
and the application of remote sensing techniques to studying the sea floor will be pursued. 

In the area of ocean technology, continuing 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1981 ESTIMATES 

RESEARCH AND DEVELOPMENT PLAN FOR AERONAUTICS AND SPACE TECHNOLOGY 

Programs 

Aeronaut ical  r e s e a r c h  and technology........... ............ 
Space r e s e a r c h  and technology......... ..................... 
Energy technology.......................................... 

Total.................................................... 

Budget Plan 

1979 Budget Current Budget 
Actual Est imate  Est imate  E s t  imat e 

(Thousands of D o l l a r s )  

1980 1981 

264,100 300,300 308,300 290,300 

107,300 116,400 115,800 115,200 

5,000 3 , 000 3 , 000 4,000 

419.700 427.100 409.5 00 3 76,400 

AST 1 





RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1981 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF AERONAUTICS AND SPACE TECHNOLOGY AERONAUTICAL RESEARCH AND TECHNOLOGY PROGRAM 

SUMMARY OF RESOURCES REQUIREMENTS 

1980 1981 
1979 Budget Current Budget Page 

Actual Estimate Estimate Estimate No. 
(Thousands of  Dollars) 

Research and technology base ........................... 109,700 117,500 119,000 131,100 RD 9-4 ........................... Systems technology programs. 154,400 182,800 189,300 159,200 RD 9-20 

....................................... Total......... 2 6 4 . 1 0 0 3 0 0 . 3 0 0 3 0 8 . 3 0 0  29o.300 
Distribution of Program Amount by Installation: 

Johnson Space Center ................................... 
Marshall Space Flight Center ........................... 
Jet Propulsion Laboratory .............................. 
Wallops Flight Center.................................. 
Ames Research Center ................................... 
Dryden Flight Research Center.......................... 
Langley Research Center................................ 
Lewis Research Center.................................. 
Headquarters ........................................... 

1,245 
1,113 
1,489 
614 

48,564 
8,903 
92,171 
106,960 
3,041 

7 00 
900 

1,100 
700 

51,900 
13,400 
115,300 
113,000 
3,300 

495 
725 
830 
600 

54,800 
13 , 300 
115,800 
117,450 
4,300 

200 
800 
800 
5 00 

53,400 
13,200 
109,900 
108,100 
3,400 

............................................... Total. 2 6 4 . 1 0 0 3 0 0 . 3 0 0 3 0 8 . 3 0 0  29o.300 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1981 ESTIMATES 

OFFICE OF AERONAUTICS AND SPACE TECHNOLOGY AERONAUTICAL RESEARCH AND TECHNOLOGY PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The objectives of the Aeronautics program are to advance aeronautical technology to ensure safer, more 
economical, efficient and environmentally acceptable air transportation systems which are responsive to cur- 
rent and projected national needs; to maintain the strong competitive position of the United States in the 
international aviation marketplace; and to support the military in maintaining the superiority of the Nation's 
military aircraft. 

The FY 1981 program supports these objectives by providing for technology advances in all aeronautical dis- 
ciplines, stressing the technology areas judged to be the most critical by in-house and external assessments, 
industry, advisory groups, and other users of technology within and outside the Federal Government. Emphasis 
will be placed on improving aircraft energy efficiency and performance; reducing noise and pollution; im- 
proving safety and terminal area operations; and advancing long-haul and short-haul air transportation 
concepts. 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The increase of $8 million is the zesult of Congressional actions which provided additional appropriations 
of $5 million for advanced rotorcraft technology and $3 million for variable cycle engine technology. 
transfer of $1.5 million from the Systems Technology programs to the Research and Technology Base was made 
to more appropriately budget planned activities. This transfer is explained under the individual programs 
involved. In addition, the Aeronautics budget structure has been changed to provide for more effective 
and efficient program management. This change in the budget structure, which is consistent with the new 
OAST organization that went into effect in the fall of 1979, did not result in any programmatic changes. 
Programmatic changes are described in the individual program narratives. 

A 

BASIS OF FY 1981 ESTIMATE: 

The FY 1981 activities are designed to maintain a strong Research and Technology Base in the technology 
disciplines of aerodynamics, propulsion, avionics and flight controls, human factors, materials and struc- 
tures. 
improved aeronautical products. 

Strength in this fundamental research and technology is essential to the future development of new, 
The aeronautics program also provides focused technology development 
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activities for each of the major classes of aeronautical vehicles, i.e., transport aircraft, rotorcraft, 
general aviation aircraft, vertical/short take-off and landing (V/STOL) aircraft, supersonic cruise 
aircraft, and high performance aircraft. 

In the area of transport aircraft technology, progress in the aircraft energy efficiency efforts will 
continue toward the goal of providing, in the 1 9 8 0 ' ~ ~  the technology advances leading to a major reduction 
in aircraft fuel requirements. 
major airframe contractors to develop and evaluate advanced aerodynamic and active control technologies 
for derivative and new subsonic transport aircraft. Included are wind tunnel tests of advanced winglet 
concepts. 
tunnel tests and on evaluation of practical structural and surface material concepts. 
will be continued with emphasis on human-vehicle interrelationships, crash fire hazards, lightning effects, 
and ice accumulation protection. 

In the Energy Efficient Transport program, work will continue with the 

In the Laminar Flow Control program, emphasis will be on completion of critical high speed wind 
The safety efforts 

Rotorcraft technology activities will be emphasized, addressing rotor aerodynamics, structures, avionics, 
flight dynamics, terminal operations, engines and drive systems, and rotor system design, and with new 
focus on analytical modeling and verification of selected systems and on augmenting the rotorcraft data 
base in critical areas. Flight research on the Rotor Systems Research Aircraft (RSRA) vehicles will be 
continued. Proof-of-concept and concept evaluation flight tests on the XV-15 Tilt Rotor Research Aircraft 
will be completed. 

General aviation research and technology will continue to emphasize increased safety, improved utility 
and greater energy efficiency. 
engine and propeller improvements, and avionics systems concepts for safer and simpler single pilot 
operations. 

Principal activities will include stalllspin alleviation, drag reduction, 

V/STOL technology efforts will emphasize broad-based technology for future military and civil aircraft 
applications. 
on handling qualities and control laws development for short take-off and landing (STOL) operations at 
very high lift coefficients. 

Flight research on the Quiet Short-Haul Research Aircraft (QSRA) will continue with emphasis 

Supersonic cruise research will continue in all critical discipline areas. Emphasis will be placed on 
aerodynamic refinement for improved low speed, high lift characteristics, advanced noise suppression 
technologies, and advanced titanium fabrication and structural design. 

In the area of high performance aircraft, efforts will continue on advanced multivariable digital con- 
trol system concepts for aircraft and propulsion control, and on preparation for NASA/Air Force flight 
research on the variable-camber, variable-sweep AFTI-111 aircraft. Flight testing of Highly Maneuverable 
Aircraft Technology (HiMAT) concepts will be continued, employing subscale remotely piloted vehicles. 
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In the Advanced Propulsion Systems program the design, fabrication and testing of individual components 
to validate the technology for use in next-generation, high-bypass turbofan engines will continue in the 
Energy Efficient Engine program. The Variable Cycle Engine technology program will include new emphasis 
on development and demonstration of the critical lower speed and lower temperature technologies unique to 
variable cycle propulsion systems for future advanced supersonic cruise aircraft. 

BASIS OF FUNDING REQUIREMENTS: 

RESEARCH AND TECHNOLOGY BASE 

1980 1981 
1979 Budget Current Budget Page 

Estimate No. Actual Estimate Estimate 
(Thousands of Dollars) 

................. Fluid physics research and technology 18 , 500 
Propulsion research and technology .................... 
Materials and structures research and technology... ... 
Avionics and flight control research and technology ... 

25,500 
15,200 
4,000 ................. Human factors research and technology 5,000 

Multidisciplinary research and technology 3,600 
General aviation research and technology 6,800 

............. .............. 
Low speed aircraft research and technology.. .......... 
High speed aircraft research and technology ........... 11,100 

14,000 ............ Transport aircraft research and technology 6,000 

21,240 
26 , 900 
16,100 
4,800 
5,700 
3,260 
7,000 

14,800 
6,500 

11,200 

22,240 
26,900 
16,100 
4,800 
5,700 
3,760 
7,000 

11,200 
14,800 

6,500 

Total ............................................... 109,700 117,500 119,OOQ 

24,800 
30,900 
17,800 
5,400 
6,500 
4,300 
7,500 

11,500 
15,300 

7,100 

131,100 

................. Fluid Physics Research and Technology 18,500 21,240 22 , 240 24,800 

OBJECTIVES AND STATUS : 

RD 9- 4  
RD 9-6 
RD 9-9 
RD 9- 11 
RD 9-12 
RD 9-13 
RD 9-14 
RD 9-16 
RD 9-17 
RD 9-18 

The objective of the Fluid Physics Research and Technology program is to develop a technology base which 
will enhance our capability to predict aerodynamic phenomena enabling aerodynamic optimization of advanced 
aircraft during the early design stage. 
involving computational, analytical and experimental methods. 

This objective is being pursued through an integrated approach 
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The technology base in computational fluid dynamics continues to expand with an increased capability to 
predict realistic flow situations and configuration geometries. During the past year, new numerical methods 
have been tested and incorporated into codes which solve the unsteady, compressible Navier-Stokes equations. 
New fast methods have been developed for generating transformed coordinate meshes for use in finite difference 
solutions of the fluid dynamics equations, and large-eddy simulations of turbulent flow have been carried 
out for simple flow geometries. Also, work was started in developing and verifying three-dimensional tran- 
sonic codes using various turbulence models. 

Progress has been made in other research areas as well. An experimental data base was developed for un- 
steady aerodynamic loads and pressures at higher Reynolds numbers and frequencies than previously achieved; 
pilot studies of an adaptive transonic wall test section showed real promise of achieving a three-dimen- 
sional capability; anticipated gains in maximum lift coefficient and drag-rise Mach number €or a family of 
rotorcraft airfoils have been achieved experimentally; the cryogenic test technology base has expanded in 
the areas of model construction and instrumentation development; and it was demonstrated that net reductions 
in turbulent drag of exposed surfaces were possible by devices which reduced the size of the turbulent eddies 
in the flow. 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The increase of $1 million reflects a transfer of budgetary responsibility and funds from the Low Speed 
Aircraft Systems Technology program to the Fluid Physics Research and Technology program for the planned 
improvement of the Ames Research Center ILLIAC computer memory. 

BASIS OF FY 1981 ESTIMATE: 

Expanded efforts in computational fluid dynamics will continue in FY 1981. Computer codes will be 
developed to calculate inviscid, laminar and turbulent flows with limited and extensive regions of separa- 
tion, with emphasis on the transonic speed regime. Advanced vector processing computers (the ILLIAC IV 
and CDC STAR) will be used to generate pilot codes to solve the time-averaged Navier-Stokes equations 
for a variety of two- and three-dimensional geometries with various turbulence models, and work will pro- 
ceed to calculate turbulence from first principles. Efforts will be made also to include coupling of 
potential flow codes with advanced boundary layer codes capab.le of predicting flow separation more 
rapidly and less expensively. Methods will be developed for automatically generating meshes about 
complicated aerodynamic wings and bodies and to integrate their use into steady and unsteady codes in 
such a way that the convergence and resolution properties of these codes are not degraded. 

In the area of high lift aerodynamics, theoretical methods will be developed to analyze and design 
multielement airfoils and wings, and tests will be conducted to verify the analyses. The work will involve 
Reynolds stress modelingof multielement airfoil drag problems and the determination of the effects of 
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transverse pressure gradients on the boundary layers and wakes. 
panded efforts will concentrate on natural laminar flow airfoils, and on the production of airfoil designs 
applicable to high altitude, low speed remote controlled aircraft. 
wake vortex alleviation, in conjunction with the Federal Aviation Administration, will focus on aerodynamic 
design information to minimize wake vortex effects at the source with minimum deleterious effects on per- 
formance and noise. 

In the area of airfoil development, ex- 

A more intensive research program in 

The development of nonintrusive flow measurement methods and instrumentation such as holographic inter- 
ferometry, laser velocimetry and infrared photography to provide data otherwise unobtainable, to improve 
data collection efficiency, and to gather data in a form more amenable to on-line analysis will be 
expanded in N 1981. 
concentrated on computer code validation, high incidence forebody vortex flow problems and the use of 
airframe/propulsion blending techniques to provide a data base for more efficient hypersonic aerodynamic 
configurations. 

Work on the integration of theory and experiment will continue, with emphasis 

Research and technology activity will continue in the accelerated development of cryogenic test technology 
for full-scale Reynolds number simulation. 
development, and pressurized cryogenic wind tunnel control and operation. An expanded activity in the 
development of wind tunnel walls to eliminate three-dimensional wall interference effects in transonic 
flows w i l l  be conducted. 
productivity. 

Intensive efforts include model construction, instrumentation 

This activity will permit the testing of larger models with greater accuracy and 

Exploration of viscous drag reduction schemes will be continued and the most promising will be studied 
In particular, large-eddy break-up devices have shown substantial promise and additional work in depth. 

will study the underlying phenomena and potential applications. 
1980 1981 

1979 Budget Cur r en t Budget 
Actual Estimate Estimate Estimate 

(Thousands of Dollars) 

Propulsion Research and Technology ..................... 25,500 26 , 900 26 , 900 30,900 

OBJECTIVES AND STATUS: 

The objectives of the Propulsion Research and Technology program are to increase aircraft propulsion 
system efficiency; to improve engine performance; to reduce fuel consumption and dependence on rigid 
fuel property specifications; to improve the reliability and durability of engine components; to reduce 
engine noise and exhaust pollution to environmentally acceptable levels which are economically and 
operationally sound; and to evaluate the potential of advanced, new propulsion system concepts. The 
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efforts include research on gas path components, mechanical components, control systems, fuels, computational 
mettods, instrumentation, emissions, and noise. These activities provide advanced technology that supports 
propulsion system improvements for all vehicle applications ranging from small, general aviation private 
aircraft to commercial transports and helicopters to military aircraft of all types. The effort in this pro- 
gram also provides a technology base in noise and emissions for use by the Government in establishing air- 
craft environmental regulations. 

Increasing emphasis on internal flow computational fluid dynamics, small turbine engine components, and 
broad-specification fuels research continues in FY 1980. In the area of aircraft engine noise, considerable 
progress has been made toward establishing and understanding the effects of large-scale turbulence and for- 
ward velocity on jet and fan noise, and in coannular nozzle noise reduction research. 
ponent research continues to explore concepts to improve fan, compressor, and turbine efficiency and reduce 
secondary flow and clearance losses. Advances have been made in evaluating lean prevaporized, premixed 
combustor concepts to determine their stability, autoignition, and NOx formation characteristics. As part 
of an expanding effort in fuels technology, the impact of hydrogen content on flame radiation, liner tempera- 
ture, and soot formation were identified and the effect of freezing point on fuel pumpability continues to 
be explored. 

Turbomachinery com- 

BASIS OF FY 1981 ESTIMATE: 

Fuels research will continue in response to the growing concern over current jet fuel shortages. Broad- 
ening the allowable deviation in jet fuel properties would provide a more flexible and reliable supply of 
fuel and would reduce energy required for specialty refinement. Activity will continue toward developing 
a better understanding of the effects of fuel property variation on aircraft and engine fuel systems and 
evaluating advanced design concepts to accommodate these fuels. Fuel characteristics such as flame 
luminosity, soot formation, thermal stability, and freeze point will be investigated in FY 1981 for both 
petroleum-derived and synthetic-based fuels in coordination with related combustion and emissions research. 

In FY 1981, noise research will reflect increased emphasis on the development of rotor and propeller 
noise prediction capabilities. Further investigations of the potential for jet noise reduction with 
coannular exhaust nozzles will be conducted and the assessment of installation and forward velocity 
effects on in-flight noise generation and propagation will be continued. 

Research on inlets and nozzles will concentrate on development of analytical techniques which will 
accurately predict localized internal flow phenomena, including shock wave/boundary layer interactions 
in the presence of boundary layer bleed. Detailed, small-scale experimental investigations will verify 
these fundamental internal flow processes. 
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Research in computational fluid dynamics for turbomachinery will continue to receive increased emphasis 
in FY 1981 with efforts to improve computing speed and accuracy of codes developed for inviscid and viscous 
and two- and three-dimensional flows. Of particular importance will be the work done in establishing critical 
empirical turbulence correlations needed to accurately model complex viscous flows through turbomachinery 
blading. 

Trends towards higher operating temperature and pressures in commercial turbofan engines will be paced by 
advancements in turbomachinery. Continuing research in fans, compressors, and turbines in FY 1981 will 
concentrate on fundamental technology to improve performance and durability of these components. In com- 
bustion and emission reduction research, efforts to develop techniques for improving liner durability and 
reducing emissions will continue with increased emphasis directed towards understanding the fundamentals 
of combusion and pollution formation. Of particular importance are the efforts to extend advanced tech- 
nology features developed for large gas turbine engine components down to smaller propulsion systems suit- 
able for helicopter, commuter, and general aviation aircraft. 

In N 1981, instrumentation research on high pressure and high temperature measurement techniques, 
clearance sensing between rotating and stationary machinery, vibration and stress measurements, and non- 
intrusive gas path flow measurement and visualization techniques will be conducted. 
will be placed on thin film strain and temperature measurements on metal surfaces and on high temperature 
electronics for on-board engine processing of experimental data. 

Considerable emphasis 

Power transfer research will continue to focus on evolutionary technology improvements in gears, seals, 
bearings, and lubricants. Emphasis will be placed on improving the understanding of basic mechanical wear 
phenomena and on developing the technology for advanced power transmissions for helicopters and advanced 
turboprop systems. 

In FY 1981, engine dynamics and controls research efforts will continue to investigate advanced control 
concepts such as nonlinear control theory, advanced sensors and actuators, signal transmission and severe 
environment electronics, failure accommodation controls, and reliable control software. Analytical modeling 
techniques to predict the dynamic behavior of engine compression systems will continue, and experimental 
efforts will determine the distortion sensitivity of a small helicopter engine. 

Advanced propulsion system research will continue to focus on the development and validation of com- 
putational methods to predict inlet flow fields and combustion kinetics associated with hypersonic pro- 
pulsion. Fabrication will be completed and tests will be initiated to study the performance of an 
improved supersonic combustion ramjet configuration. 

Promising advances in propeller performance can be achieved through application of recent developments 
in computational methods, high strength composite materials, and fan, gearing, and advanced control 
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technologies. 
design procedures for advanced propeller supporting applications ranging from general aviation to com- 
mercial transport aircraft. 
model wind tunnel tests. 

In FY 1981, fundamental propeller research will focus on efforts to improve analysis and 

The performance of selected advanced designs will be verified through scale 

1980 1981 
1979 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Materials and Structures Research and Technology ...... 15,200 16,100 16,100 17,800 

OBTECTIVES AND STATUS : 

The objectives of the Materials and Structures Research and Technology program are to develop advanced 
metallic, ceramic, polymer and composite materials and structural concepts; and to develop analytical 
techniques to define critical loadings, response, and stability behavior of these structural concepts. 
This technology will provide significant improvements in the performance, safety, durability and economy 
of commercial, military and general aviation aircraft. 
and airframe materials and structural concepts, including composites and life prediction procedures; 
improved prediction methods for structural loads, thermal and dynamic response, and aeroelasticity; and 
more accurate and efficient integrated design methods for airframes and engines. 

Areas of emphasis include high temperature engine 

Improvements are being made in the properties of several high temperature metal alloys, ceramics and 
composites that promise increased performance and efficiency in gas turbines and aircraft structures. 
Advances also are being made in the capability to predict the life of composites and metals which will 
improve the 
system on a 
tunnel data 
the passive 
wind tunnel 

reliability of aeronautical systems. 
research wing of a drone flight vehicle is underway in FY 1980 and will supplement wind 
for the validation of both concept and design methodology. A “decoupler pylon” concept for 
flutter suppression of high performance military aircraft with stores is being validated by 
tests and design studies leading to future flight validation. Continuation of a U.S. program 

Flight evaluation of an active flutter suppression 

to measure unsteady pressure distributions on a variety of wing configurations is leading to a fundamental 
understanding and comparison with newly developed unsteady transonic flow prediction methods. 
was initiated in FY 1980 to define transport airframe response and failure during a crash, the forces 
transmitted to occupants, and the technology needed to improve crash safety. 

A program 

BASIS OF FY 1981 ESTIMATE: 

Research on high temperature materials will continue to emphasize improving the strength and service 
life of gas turbine materials. 
to be developed for an oxide dispersion alloy and a tungsten fiber reinforced superalloy which have 

During FY 1981, materials processing and design technology will continue 
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potential for hollow turbine blade applications. A manufacturing method will be developed to produce a 
low cost, dual property disk alloy having improved mechanical properties. 
of corrosion and oxidation of turbine alloys will continue. 
with emphasis on improving high temperature strength and impact resistance. 

Basic research on the mechanisms 
Ceramic materials will continue to be developed, 

Research will continue on the fatigue and fracture behavior of metallic, ceramic, and composite materials 
in both benign and active environments. Research will be accelerated to extend existing life prediction 
techniques and analyses. 
the objective of developing hydrogen-resistant alloys. To predict service durability of composites, a 
damage growth law will be developed. 

Studies will continue on the mechanism of hydrogen embrittlement of steels with 

Research on composites will continue to be emphasized in the development of stiff, lightweight, strong 

Study emphasis will be placed on methods for evaluating and in- 
structural materials. In FY 1981, studies will continue on low cost fabrication processes, and applications 
of composites in fixed-wing aircraft. 
creasing the durability and damage tolerance of composite components. 
initiated on new resins that will permit the development of tougher, impact resistant, more processable 
composites. The fabrication and evaluation of advanced composites for high performance engine blades will 
continue in FY 1981. A data base and fundamental understanding will continue to be developed for the com- 
bustion characteristics and the thermochemical, thermophysical, and photochemical properties of new and 
advanced polymers. 

Exploratory research will be 

In loads, dynamics and aeroelasticity research, the FY 1981 program will continue to develop improved 
methods for the prediction of unsteady aerodynamic loads for engine fan, compressor and turbine blades, 
and for aircraft wings and control surfaces operating in the transonic speed regime. Experimental 
validation of these methods will be accomplished through wind tunnel tests of two-dimensional airfoil 
models, rectangular and high aspect ratio supercritical wing models, and wing-tail combination models. 
Nonlinear analysis methods applicable to the rotating subassemblies of engines and the crash behavior of 
composite airframe structures will also be examined in N 1981. Methods for predicting transient high 
temperature thermostructural design loads will be developed in FY 1981, and the reliability and efficiency 
of three actively cooled airframe concepts will be demonstrated through wind tunnel tests. 

Development of integrated analysis/synthesis methods in FY 1981 will focus on methods for simultaneous 
optimization of the structural and aerodynamic performance attributes of airframes that incorporate 
new technologies such as active controls and advanced composite materials. 
a prototype finite element computational device using microprocessor components will be continued in 
N 1981 toward eventual hardware demonstration in FY 1982. 

An ongoing program to develop 
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1980 1981 
Budget 
Estimate 

1979 Budget Current 
Actual Estimate Estimate 

(Thousands of Dollars) 

Avionics and Flight Control Research and Technolo gy... 4,000 4,800 4,800 5,400 

OBJECTIVES AND STATUS : 

The objective of the Avionics and Flight Control Research and Technology program is to support the de- 
velopment of advanced electronics for applications to both civil and military aviation. Major efforts are 
directed toward enhancing utility, safety and efficiency, while reducing costs, in the areas of navigation/ 
guidance, cockpit displays, controls and systems integration techniques. 

A spectrum of navigation schemes is being investigated for the development of concepts for use in im- 
proving traffic flow in the national airspace system. 
portation and the State of Vermont are underway to evaluate the use of LORAN-C for aircraft operations in 
mountainous areas. 
concepts supplemented by appropriate cockpit displays to enhance the orderly and efficient mix of four- 
dimensional equipped and unequipped aircraft in the Air Traffic Control environment without costly delays 
in time and fuel consumption. Innovative ideas based on hybrid concepts are being studied for improving 
both enroute and terminal area navigationlguidance functions. New concepts based on high cost inertial 
measurement system technology are being investigated to reduce the complexity and cost, for application 
to a broad class of aircraft exposed to only moderate acceleration levels and limited altitude variations. 
In the cockpit avionics area, promising approaches are being examined to provide appropriate contrast 
control and drive circuits for enhancing the application of flat panel liquid crystal displays, and 
exploratory research is being conducted into the use of thin film electroluminescent displays. A pro- 
grammable display generation system has been developed as a laboratory system for simulations and analysis 
in conjunction with advanced flat panel display media for evaluating advanced cockpit concepts. 

Cooperative tests with the Department of Trans- 

Simulations are being conducted to investigate precision time-controlled guidance 

In controls research, a technology base program has been initiated to focus on the development of highly 
reliable electronic control devices and architecture for use in future engine power plants. 
for recovering from a generic software failure in redundant flight control systems is being developed for 
evaluation in FY 1981. In the area of systems integration, the development of system reliability assess- 
ment tools is progressing and preliminary tests have been completed on the potential effects of lightning 
strikes on digital systems so that realistic, nondestructive test techniques can be devised. 

A technique 
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BASIS FOR FY 1981 ESTIMATE: 

Results of a recently conducted in-depth assessment in avionics and controls indicate promising opportu- 
nities for major technological advances in several areas. The program will examine design concepts for the 
development of an ultrareliable flight control system using low cost microprocessor techniques. Simulations 
will be completed on an experimental network data bus using fiberoptics to improve reliability and maintain- 
ability. 
controls hardware and software providing innovative system architectures based on very large scale integration 
(VLSI) concepts. Coupled with human factors considerations, "hot bench" laboratory evaluations w i l l  be 
initiated to evaluate conceptual designs of advanced cockpits for enhanced management efficiency. Labora- 
tory model tests will be completed in the design and siting of emergency locator transmitter (ELT) antennas 
on civil aircraft. As a follow-up to last years lightning effects testing, hardening concepts which have 
been developed for digital control systems will be validated. 

Increased emphasis will be placed on the functional and physical integration of avionics and 

1980 1981 
1979 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Human Factors Research and Technolo gy................. 5 , 000 5 , 700 5 , 700 6,500 

OBJECTIVES AND STATUS : 

The objective of the Human Factors Research and Technology program is to provide a research and technology 
base for solutions to the human factors related problems which influence the growth, efficiency, and safety 
of air transportation. The program has three areas of emphasis: flight management, flight simulation 
technology and human response to noise. 

During FY 1980 a number of research studies are being conducted within the major areas. Included are 
joint programs with the Federal Aviation Administration (FAA) to enhance aircrew performance and alleviate 
the potential for human error. 

The Head Up Display (HUD) research has completed its basic laboratory and simulation tests and has begun 
the full crew mission simulation evaluation of two candidate HUD systems. 
Cockpit Display of Traffic Information (CDTI). NASA and the FAA have drafted a joint, multiyear program plan 
for CDTI research. The plan is in the final stage of negotiation and should be signed early in 1980. NASA's 
CDTI research in FY 1979 developed a candidate display and performed a preliminary evaluation of pilots' 
ability to interpret the display. 
During FY 1980, the ASRS accomplished 39 investigations of safety related problems including: runway 

A second NASA/FAA program is the 

A third NASA/FAA program is the Aviation Safety Reporting System (ASRS). 
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incursions, near midair collisions, clear air turbulence and altimeter deviations. The simulation technology 
research program has developed and performed preliminary evaluations of techniques for use of multiple com- 
puters in aircraft simulation. These distributive computer techniques, which will be given full evaluations 
in the coming year, hold a great deal of promise for increasing all aspects of simulation fidelity. In the 
human response to noise rsearch effort, studies have been conducted on "time-of-day" vibration effects and 
on community response to helicopter noise. 

BASIS OF FY 1981 ESTIMATE: 

In the flight management area, joint NASAJFAA programs will continue in FY 1980. Included are studies 
concerning Head Up Displays (HUD) and Cockpit Display of Traffic Information (CDTI). This includes com- 
pletion of the full mission simulation evaluation of alternative HUD displays, and development of a 
methodology for measuring crew workload with and without the CDTI, devising and evaluating procedures for 
using CDTI and determining the utility of a CDTI in typical wide-body aircraft. Work will continue in the 
development of models characterizing information processing and decision making processes which are necessary 
to establish human factors guidelines for automating cockpit systems. The development of the CDTI referred 
to above will continue. Oculometer research is continuing to develop quantitative parameters for advanced 
cockpit design. The Aviation Safety Reporting System (ASRS) will continue and new research investigations, 
based on problems identified from the ASRS data base will be initiated. 

Flight simulation technology will include an investigation of total simulator training for pilots, 
simulator motion washout requirements, the effect of reduced visibility on approach and landing and 
distributive computer configurations for simulators. Studies will be conducted to quantify and apply ob- 
jective pilot performance measurement techniques. 

The human response to noise effort will continue to assess the utility of community response 
models through laboratory and field studies. This work is designed to produce a model for use in evaluating 
the noise abatement resulting from aircraft modifications, aircraft operations and land use strategies. 

1980 1981 
1979 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Multidisciplinary Research and Technolo gy.............. 3,600 3,260 3,760 4,300 

OBJECTIVES AND STATUS: 

The objective of the Multidisciplinary Research and Technology program is to conduct novel, long-range, 
high risk basic research investigations in engineering and physical sciences related to aeronautics. 
This research is conducted at universities through the Fund for Independent Research, which supports 
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unsolicited proposals and proposals received in response to announcements of research opportunities in 
specific areas, and through the Graduate Program in Aeronautics, which supports graduate studies where the 
thesis research is performed, at least in part, at a NASA Research Center using NASA facilities. 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The increase of $500 thousand reflects a transfer of budgetary responsibility from Aeronautical System 
Studies, which is in the Systems Technology program. This increase supports a Post-Baccalaureate Associate 
program designed to encourage graduate engineers to perform research at the universities and at the NASA 
Centers which is mutually desirable to both the parent university and to NASA. 

BASIS OF FY 1981 ESTIMATE: 

The Fdnd for Independent Research will continue to support basic research at universities. The Graduate 
(1) initiate up to three university institutes Program in Aeronautics will be increased substantially to: 

in Computational Fluid Dynamics to increase the number of scientists trained in this rapidly developing 
and important discipline; and (2) expand the graduate programs in aeronautics to encourage more newly 
graduated engineers to enter the aeronautics profession by offering greater opportunities for them to train 
with NASA senior research staff members at the Research Centers. 

1980 1981 
1979 Budget Current Budget 

E s t ima t e Actual Estimate Estimate 
(Thousands of Dollars) 

General Aviation Research and Technology .............. 6,800 7 , 000 7 , 000 7,500 

OBJECTIVES AND STATUS : 

The objective of the General Aviation Research and Technology program is to provide the technology base 
for achieving important improvements in general aviation aircraft safety, utility, and energy efficiency. 
Multidisciplinary in nature, the program encompasses aerodynamics (performance, stability and control), 
materials and structures, propulsion and fuels, avionics and human factors. 

In aerodynamics research, airfoil leading edge modifications to reduce the severity of stall and to prevent 
the development of unrecoverable flat-spin modes have been demonstrated in flight tests of a representative 
low wing aircraft type, and emergency spin recovery systems for flight test aircraft were developed. Stall/ 
spin research is being extended to investigate high wing and T-tail aircraft configurations. 
reductions using airfoils which extend the region of natural laminar flow over both upper and lower surfaces 
have been demonstrated in wind tunnel tests. Research on flapped airfoils continues, in preparation for the 

Wing drag 

RD 9-14 



design of a practical experimental natural laminar flow wing for full-scale flight test investigation. Pro- 
gress has been made also in developing techniques for characterizing and utilizing wing wake flow fields for 
improved agricultural aerial applications, and preparations are underway for flight evaluation of wake modi- 
fication and drag cleanup design improvements on an agricultural airplane. In structures research, energy- 
absorbing seat designs have demonstrated that peak loads transmitted to occupants during simulated crash 
tests can be reduced by fifty percent. Further design improvements are being made for test evaluation, as 
well as energy-absorbing fuselage subfloor structural modifications. In propulsion research, techniques 
for measuring cooling drag of internal combustion engine installations were developed, and laboratory tests 
of several spark-ignition air-cooled engine design improvements indicate promise for near-term applications 
to lower fuel consumption by ten percent while reducing both exhaust emissions and cooling air requirements. 
Longer-term engine design improvements were also studied, and the potentials of unconventional internal com- 
bustion engine types, including stratified charge rotary combustion and diesel types, were explored. Studies 
of low horsepower gas turbines revealed technological opportunities for improvement in fuel consumption 
and cost, both of which must be achieved if this highly attractive power plant is to achieve more extensive 
use in general aviation. Propeller research validated a new low speed noise generation theory, and studies 
were initiated to define technological opportunities for simultaneous improvements in propeller efficiency, 
noise and structural properties. Studies have been initiated in the areas of human factors and avionics 
systems, with particular emphasis on improving single pilot operations under instrument flight rule 
conditions. 

BASIS FOR FY 1981 ESTIMATE 

Aerodynamics research in FY 1981 will include important extensions of previous stall/spin investigations, 
expanding the data base with tests of additional configurations. Additional emphasis will also be placed 
on the development of analytical methods and design techniques for improved stalllspin characteristics of 
light aircraft. The design of a natural laminar flow wing for flight test will commence, as will the 
planning of appropriate flight experiments. Further research on aerodynamically integrated aerial appli- 
cations systems will also continue. In structures, the development of nonlinear methods for the analysis 
and design of improved crash load alleviating aircraft structure will proceed, guided by empirical data 
from extensive simulated crash testing in recent years. 

Propulsion research will continue to assess the effectiveness of several air-cooled reciprocating engine 
improvements designed to achieve greater energy efficiency for near-term applications. Technology for more 
efficient and higher pressure ratio turbo-superchargers will also be pursued. Studies of longer-term 
improvements through advanced engine concepts and unconventional designs will continue. Studies of the 
comparative merits and regimes of optimal application for each new engine type will be completed to assist 
in focusing further engine research and plans for future systems technology programs. Similarly, ongoing 
focused research on low speed propellers for general aviation plus results of studies to define technology 
opportunities and design tradeoffs will be utilized in developing plans for necessary future systems tech- 
nology demonstrations for a range of general aviation applications. Avionics and human factors research 
will continue to study concepts and techniques to improve general aviation single pilot operations. 
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1980 1981 
1979 Budget Current Budget 

Actual Estimate Estimate Es ti& te 
(Thousands of Dollars) 

Low Speed Aircraft Research and Technology ............ 11,100 11 , 200 11,200 11,500 

OBJECTIVES AND STATUS: 

The objective of the Low Speed Aircraft Research and Technology program is to provide technology advance- 
ment in the areas of (1) rotorcraft structures, dynamics, aerodynamics, flight dynamics, controls, avionics, 
and man-system integration; and (2) vertical and short take-off and landing (V/STOL) aircraft propulsion, 
aerodynamics, and flight dynamics. 

The noise and performance characteristics of several large-scale rotor systems, including the XV-15 Tilt 
Rotor, the circulation control rotor, and the X-wing stopped rotor, have been measured in the 40-by 80-foot 
wind tunnel. 
figuration aimed at gaining a better understanding of means of reducing rotorcraft drag and improving 
cruise performance. Work is continuing to develop improved methods of predicting the aerodynamics of 
V/STOL aircraft, including basic studies of the effect of the ground on deflected jet flows during low 
speed and hover flight and the effect of inlet and exhaust flow interactions on V/STOL configurations in 
subsonic, transonic, and supersonic flight. 

Initial large-scale model studies were completed on a representative current hublpylon con- 

Tests were completed of the system noise of the NASA Quiet Clean Short-Haul Experimental Engine (QCSEE) 
mated with typical wing flap configurations during simulated powered-lift aircraft approach and take-off 
operation; information was obtained for over-the-wing and under-the-wing blow-flap configurations. 

BASIS OF FY 1981 ESTIMATE: 

In FY 1981, rotorcraft research will include large- and small-scale wind tunnel model tests to verify 
the capability of predicting rotorcraft loads, vibration, aeroelastic stability, and performance; on- 
going research on multicyclic control of controllable twist rotors (for vibration alleviation) will be 
extended to conventional rotors. 
prediction methods will be expanded. 
data on the noise of current and promising advanced rotor concepts, and to the verification of the 
capability of predicting such noise characteristics. 
control system to reduce guidance and control problems of helicopters during terminal area operation will 
be completed. Initial studies will be completed to explore the comparative advantages of auditory and 
visual displays to the pilot for the presentation of obstacle information during low level rotorcraft 

Contracted and in-house investigations to develop improved analytical 
Increased emphasis will be given to the provision of practical 

The conceptual design of a total automatic flight 
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flight. 
such design variables as rotor size and location and hull shape, as well as to examine propulsion/aerodynamic 
interactions, check scale effects, and verify drag levels. 

Small-scale wind tunnel tests will be carried out on a hybrid rotorlairship configuration to assess 

V/STOL research activity in FY 1981 will continue to develop compact propulsion simulators for use in tests 
of small-scale wind tunnel models of high performance V/STOL configurations to examine all major high speed 
propulsion system/airframe interactions. Evaluation of the performance of a full-scale advanced exhaust 
nozzle for use on supersonic V/STOL configurations will be conducted in an engine altitude test chamber. 
An investigation will be initiated to compare the relative merits of flight director versus situation 
perspective displays for improving pilot/vehicle performance during V/STOL aircraft operation in the 
terminal area. 

1980 1981 
1979 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

High Speed Aircraft Research and Technology ........... 14,000 14 , 800 14 , 800 15 , 300 

OBJECTIVES AND STATUS: 

The objective of the High Speed Aircraft Research and Technology program is to generate technology 
advancements needed both to achieve safe, reliable, and economical high speed civil aircraft and to 
establish and maintain technological superiority in military vehicles and systems. 

In the area of flight dynamics, significant advances are being made to achieve the capability to design 
new high performance aircraft with satisfactory high angle-of-attack flying qualities and spin resistance. 
During the past year, in cooperation with the military services and the aircraft industry, extensive 
analyses, wind tunnel and free-flight model tests were performed on new configurations to establish the 
effects of aerodynamic factors and flight control system characteristics on stall departure, spin entry 
and spin recovery behavior. In the area of missile aerodynamics, an assessment in three different wind 
tunnels of Reynolds number effects on high angle-of-attack longitudinal and lateral-directional charac- 
teristics has shown that test Reynolds numbers an order of magnitude below expected flight values will 
be satisfactory to establish the correct force, moment and surface pressure values, thus easing test 
requirements. 

BASIS OF FY 1981 ESTIMATE: 

In FY 1981, the flight dynamics effort will continue to explore the high angle-of-attack behavior and 
maneuverability of unique aerodynamic configurations, such as canard designs and swept forward wings, as 
well as new control concepts such as the use of vectoring two-dimensional nozzles. 
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The combat vehicle and missile aerodynamics activities will concentrate on promising concepts such as 
monoplanar missile configurations with high speed cruise and maneuver capability, high aspect ratio 
nonaxisymmetric nozzles for thrust vectoring and reversing, and supersonic maneuver wings. Analyses and 
wind tunnel testing will be performed to generate an aerodynamic technology data base for efficient 
stores integration, carriage and separation at supersonic speeds. 
will be evaluated, with emphasis on the trade-offs of optimum features in different speed regimes. 

Advanced aerodynamic wing design concepts 

In N 1981, as part of the interagency and industrial assistance and testing effort, wind tunnels and 
simulators will be used to provide support for a broad range of aircraft and missile developments. 
activities with other Government agencies and with the aircraft/missile industry will be conducted to 
insure the preeminence of current and future U.S. military and civil high speed air vehicles. 

Joint 

The N 1981 remotely piloted research aircraft technology activities will continue to concentrate on the 
development of new concepts for the high speed testing and recovery of remotely piloted research vehicles, 
including enhancement of the ground controller's management of the flight operation. 

Flight experiments support activities will be conducted to provide a broad base of high speed research 
vehicle support, including chase operations and remotely piloted vehicle air drops. 

1980 1981 
1979 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Transport Aircraft Research and Technology ............ 6,000 6,500 6,500 7 , 100 

OBJECTIVES AND STATUS: 

The objective of the Transport Aircraft Research and Technology program is to provide a broad base of 
safety-oriented technology for understanding and dealing with aeronautical safety hazards and their con- 
sequences, and improving criteria for design of systems and operating techniques leading to reduction 
in accidents, loss of life and injuries, and loss of equipment. 

Significant progress is being made in understanding the effects of meteorological phenomena on aircraft 
safety. 
winds, and turbulence for characterizing severe storm hazards and providing the basis for establishing 
aircraft protection criteria. A computer code has been developed with potential for predicting con- 
vective storms. Microwave radiometry studies have indicated good potential for detecting, warning, and 
providing avoidance of clear air turbulence, which accounts for many in-flight injuries. Digitized flight 

A specially equipped F-106 airplane has initiated flights to obtain measurements of lightning, 
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load measurements are being obtained and analyzed for updating operating practices and aircraft structural 
design criteria. 
aircraft, particularly rotorcraft, and determine the effectiveness of deicing concepts. 

An icing research program has been initiated to define the ice accretion problems in 

Considerable progress has been made in enhancing our knowledge of crash-fire dynamics, which will be 
utilized in the development of various fire-modeling and fire testing techniques. A NASA-developed fire 
resistant airplane window, which offers improved fire protection to passengers, is being evaluated in 
test. Advanced dry chemical fire suppression agents have demonstrated effectiveness in extinguishing 
simulated, in-flight, nacelle fires and delaying reignition. Rheological studies to characterize 
the quality of antimisting kerosene (AMK) are continuing, and a determination of AMK-engine compatibility 
has been initiated. 

In landing systems technology, wear, friction and temperature characteristics of several tire tread 
elastomers have been obtained, and a NASA formulation has demonstrated improved friction characteristics. 
Work has been initiated in analytical tire modeling, active control landing gear development, and ground 
handling simulator development. 

BASIS OF EY 1981 ESTIMATE: 

FY 1981 research will include gust gradient measurements for providing previously unavailable, infor- 
Lightning discharge mation in support of flight simulation and updating of structural design criteria. 

phenomena will be studied to provide the basis for design criteria applicable to advanced avionics, 
materials and structures, and fuel systems. New ice protection concepts will be evaluated under 
simulated and natural icing conditions. 

Modeling of crash-fire scenarios will continue. Further rheological studies of antimisting kerosene 
characteristics will continue and the assessment of practicability of using antimisting kerosene in modern 
turbine engines will be completed. A much needed data base of aircraft interior, fire-resistant materials 
will be established. 

Operating characteristics of braking systems will be determined, including factors affecting tire 
casing strength. 
failed wheels on stopping performance. Work will continue on active control and air cushion landing 
systems to establish their behavior characteristics and develop design methodology. 

Additional attention will be given to the dynamics and effect of blown tires and 
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BASIS OF FUND REQUIREMENTS: 

SYSTEMS TECHNOLOGY PROGRAMS 

M a t e r i a l s  and s t r u c t u r e s  systems technology ........... 
Propu l s ion  systems technology ......................... 
Avionics  and f l i g h t  c o n t r o l  systems technology ........ 
Aeronau t i ca l  system s t u d i e s  ........................... 
General  a v i a t i o n  systems technology ................... 
Low speed a i r c r a f t  sys tems technology ................. 
High speed a i r c r a f t  systems technology ................ 
Transpor t  a i r c r a f t  systems technology ................. 
Advanced p r o p u l s i o n  systems technology ................ 
Aerodynamic v e h i c l e  systems technology ................ 

T o t a l  ............................................... 

1979 
Actual  ..... ..... ..... 

4. 825 ..... 
14. 970 

9. 800 
44. 750 ...... 

900 

15 4. 400 

1980 
Budget Current  

E s t  ima t e 
(Thou sands  of Do 1 1 a r  s ) 

E s t  ima t e ..... 
6. 700 
2.  850 
4. 600 

800 
19. 250 
14. 800 
58. 545 
69. 500 

200 

..... ..... 
4. 100 ...... 2. 850 

800 

14. 800 
58. 545 
7 2 .  500 

200 

182. 800 189. 300 

1981 

Es t ima te  
Budget Page 

..... ..... ..... 
4. 600 

100 
23 . 450 
16. 800 
40. 500 
56. 200 
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RD 9-33 ... ... 

159.200 
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1980 1981 
1979 Budget Current Budget - - 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Materials and Structures System Technology.. .... .. .. . ...... .... 3,300 5 , 555 5,555 9,600 

OBJECTIVES AND STATUS: 

The objective of the Materials and Structures Systems Technology program is to accelerate the transfer of 
advanced structures and materials technologies to application in the design of aircraft and engines. 

The Materials for Advanced Turbine Engines (MATE) effort involves the identification of promising high 
temperature materials for production and development of engineering data, followed by engine testing. In 
the MATE FY 1980 effort, large powdered metallurgy superalloy turbine disks have been hot isostatically 
pressed to shape, 300 advanced directionally solidified eutectic turbine blades are being fabricated, and 
single crystal turbine blades are being fabricated. 
engine testing . These blades and disks will be used in subsequent 

The Aeroelasticity of Turbine Engines (ATE) technology activity is a joint Air Force/NASA effort to improve 
the understanding and prediction capability for aeroelastic instability phenomena in turbine fan stages. In 
the ATE activity, significant progress has been made in developing analyses to predict supersonic and stall- 
flutter instabilities of turbine blades and flutter boundary mapping of engine fan blades. 

The Integrated Program for Aerospace Vehicle Design (IPAD) efforts in FY 1980 include the detailed design 
of all first-level software components and completion of the preliminary version of the data base management 
system, which will be released for industry evaluation. 

The Turbine Engine Hot Section Technology (HOST) activity is to provide the technology base for improved 
life assurance and life management of the hot section components of advanced turbine aircraft engines. 
Major tasks are to develop analytical and design methods which will enhance hot section component durability. 
These methods will provide environment definition, thermal and mechanical load prediction, structural 
analysis, and local response and failure mode characterization. Combined use of these methods will increase 
the capability for hot section component life prediction. This system technology program is an outgrowth of 
past basic research and fundamental technology development, such as combustor and turbine blade durability 
analyses and laboratory experiments. I 
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BASIS FOR FY 1981 ESTIMATE: 

During FY 1981, the emphasis in the MATE effort will be on demonstrating the performance in engine test of 
single crystal turbine blades, an advanced powdered metallurgy disk, an advanced directionally solidified 
turbine blade, and an advanced turbine blade erosion coating. The goal is to reduce the specific fuel con- 
sumption in engines by 1.5 percent using these materials. 

The FY 1981 ATE effort will include correlation of analytical predictions with experiments on the vibration 
modes of blade, shroud, and disk systems of advanced fans and compressors and completion of the development 
of a prediction technique for blade flutter and comparison with experimental tests. 

The IPAD effort is to develop the preliminary design and prototype computer software system for the manage- 
ment of aerospace vehicle design processes. In FY 1981, the first level IPAD data base management system 
performance will be evaluated by NASA and industry applications. 
work initiated for improvements to the data base management system. 

Enhancements needed will be identified and 

During FY 1981, the initial emphasis of the HOST activity will be on defining the turbine environment 
through the conduct of "benchmark" component simulation tests and the development of associated instrumen- 
tation. In these tests, relatively simple hardware elements containing stress concentrations will be 
subjected to high temperature, low cycle, creep fatigue conditions. Simultaneously, analytical solutions 
for stresses and strains of the stress discontinuity will be obtained from available three-dimensional, 
finite-element, elastoplastic computer programs. Direct measurements of the local strains in the high 
temperature testing activity will provide the desired check on the ability of the structural analysis to 
accurately calculate the stress-strain conditions and provide insight for future needed improvements. In 
addition to the "benchmark" tests, a broad range of component simulation tests will be designed and con- 
ducted for defining static and cyclic thermal and mechanical loadings, the materials and structural re- 
sponses, as well as failure locations, modes, and lifetimes for combustor liners, vanes and blades, disks, 
gas path seals and static structure. These simulations will provide documented test conditions and dura- 
bility data for use in model formulation and subsequent predictive methods evaluation. 

1980 1981 
Current Budget 1979 Budget 

Actual Estimate Estimate Estimate 
(Thou sands of Dol lar s ) 

Propulsion Systems Technology.................................. 3,600 6,700 6,700 6,400 
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OBJECTIVES AND STATUS: --.-- - 
The objective of the Aeronautical Propulsion Systems Technology program is to provide focused systems 

oriented activity to achieve improved performance, reduced environmental impact, lower fuel consumption, 
improved durability and reliability, and fuel flexibility for advanced propulsion systems €or application 
to a broad range of vehicle systems through the integration of advanced components. 

The Helicopter Transmission Systems Technology effort is providing a systems evaluation of many advanced 

The Broad 
technology components which have been under investigation for a number of years. The design of a high ratio, 
traction-drive transmission is nearing completion and fabrication will be initiated in FY 1980. 
Specification Fuels Technology activity is aimed at demonstrating the compatibility of future aircrafe fuels, 
which were defined and characterized in the Research and Technology Base, for operation in current and next 
generation jet engines. 
selected combustor concepts will be initiated in FY 1980. The Advanced Low Emissions Combustion effort 
establishes and demonstrates the technology necessary to reduce exhaust emissions from modern gas turbine 
aircraft engines consistent with the requirements for improved durability, performance, and fuel flexibility. 
Design and fabrication of the most promising combustor concepts have been completed and experimental 
eva lua t ions continue. 

Combustor design requirements and criteria have been established and tests of 

BASIS OF FY 1981 ESTIMATE: 

The Helicopter Transmission Systems Technology efforts will continue in FY 1981 with initiation of testing 
of a low ratio traction-drive transmission, a high ratio traction-drive transmission and an advanced tech- 
nology gear-type transmission. In the Broad Specification Fuels Technology activity in FY 1981, tests of 
conceptual combustors and fuel systems operating with experimental broad specification fuels will be com- 
pleted. Testing of optimized designs based on conceptual combustor evaluations will be initiated. The 
Advanced Low Fmission Combustion effort will focus on the experimental screening of combustor concepts. 
Upon completion of screening, the most promising concepts will be further refined and evaluations will be 
initiated to assess durability and fuel flexibility. 

1980 1981 
1979 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Avionics and Flight Control Systems Technology................. 3,000 2,850 2,850 1,550 
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OBJECTIVES AND STATUS: 

The objective of the Avionics and Flight Control Systems Technology program is to apply the fundamental 
knowledge gained in the Research and Technology Base to demonstrate technology readiness and to promote the 
transfer of advanced systems techniques to the aircraft industry through experimental testing and verifica- 
tion in a realistic environment. 

In recent years, a significant increase in the implementation of digital systems has been made by the 
aircraft design community to take advantage of benefits in size, weight, power consumption and the ability 
to perform more sophisticated functional operations. This trend is expected to accelerate and has necessi- 
tated an improvement in the understanding of software system verification/validation technology to facilitate 
the checkout and certification process. A joint program with the Federal Aviation Administration is under- 
way based on NASA's past experience with digital systems and simulation technology. Reliability and failure 
effects surveys have been completed, workshops conducted to apprise the Federal Aviation Administration 
personnel of current technology, and the development of a validation system based on laboratory simulation 
techniques has been initiated. 

Flight demonstration tests are being completed on an analytic redundancy management technique to minimize 
the sensor complement and enhance the reliability of digital control systems. This represents the final 
element of our highly successful F-8 Digital Fly-By-Wire program. 

BASIS OF FY 1981 ESTIMATE: 

The principal emphasis in the joint Federal Aviation Administration activity will be the completion of the 
development and checkout of the laboratory simulation system and the initiation of tests leading to tech- 
niques for improving the systems verification/validation process as applied to transport aircraft. 
overall program is expected to provide optimum configurations to reduce flight test requirements and costs 
associated with the certification process. 

The 

In the controls area, flight evaluations will be completed on a technique in which backup software is 
embedded in the primary software structure to protect redundant flight control systems against generic soft- 
ware failures. 
be conducted on a "reset" concept which detects momentary computer outages and restores the unit to its 
normal function unless a true or "hard" failure is present. 

To improve the fault tolerance of redundant aircraft computers, flight demonstrations will 
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1980 1981 
Budget 1979 Budget Current 

Actual Estimate Estimate Estimate 
(Thou sands of Do 1 1 ar s ) 

Aeronautical System Studies.................................... 4,825 4,600 4,100 4,600 

OBJECTIVES AND STATUS: 

Aeronautical System Studies are conducted as a means of identifying the need for, and assessing the impact 
of, technology advances. The objectives of aeronautics system studies are to determine the feasibility, 
technology requirements, costs, benefits and impacts of advanced civil and military aeronautical systems 
through mission, system and conceptual design studies. The studies integrate the mutual effects of tech- 
nology and a wide range of related factors. 

Significant recent results include identification of technology requirements and evaluation of technology 
benefits for small commuter transports, multirole large transports for civil cargo and military airlift 
applications, and several new rotorcraft applications. Feasibility studies have also been conducted on 
high altitude, long-endurance sensor or data-relay airborne platforms, and on potential aircraft applications 
of electromechanical technology advances employed in the Shuttle program. 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The decrease of $500 thousand reflects the transfer of budgetary responsibility in support of the Post- 
Baccalaureate Associate program to the Multidisciplinary Research and Technology program where it is more 
appropriately budgeted. 

BASIS FOR FY 1981 ESTIMATE: 

In FY 1981, rotorcraft studies will emphasize the development of modeling techniques for assessment of 
far-term technology advances, preliminary evaluation of advanced rotorcraft control integration concepts, 
and low cost navigation aids for remote area operation. Studies of the Vertical/Short Take-Off and Landing 
(V/STOL) and hybrid heavy lift airship vehicle concepts will be conducted. 

Long-haul transport studies will continue and will include additional focus on alternative fuels, 
variable geometry designs, application of advanced materials, and assessment of new vehicle and avionics 
concept S .  
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High speed systems s t u d i e s  w i l l  c o n t i n u e  t o  c o n c e n t r a t e  on advanced s u p e r s o n i c  c r u i s e  and maneuver, h i g h  
performance combat a i r c r a f t  and advanced technology c o n s i d e r a t i o n s  r e l a t e d  t o  h igh  performance m i s s i l e  
c a r r i a g e ,  s e p a r a t i o n  and f l i g h t .  The technology s t u d i e s  w i l l  be  d i r e c t e d  a t  i d e n t i f i c a t i o n  of technology 
needs  c o n s i s t e n t  w i t h  a n t i c i p a t e d  f u t u r e  m i l i t a r y  a p p l i c a t i o n s .  

a s  l a r g e  
systems, 

Genera 
e v a l u a t e  

a i r c r a f t  and w i l l  d e f i n e  d e s i r a b l e  o p t i o n s  f o r  exper imenta l  v e r i f i c a t i o n s  of 
such  a s  v a r i a b l e  c y c l e  eng ines  and tu rboprop  systems. 

Advanced p r o p u l s i o n  systems s t u d i e s  w i l l  a d d r e s s  p o t e n t i a l  t u rboprop  a p p l i c a t i o n s  f o r  f u t u r e  smal l  as w e l l  
advanced p r o p u l s i o n  

a v i a t i o n  s t u d i e s  w i l l  e x p l o r e  t h e  f e a s i b i l i t y  of advanced v e h i c l e  and av ion  
t h e  b e n e f i t s  of p o t e n t i a l  p r o p u l s i o n  system and p r o p e l l e r  advances. 

cs concep t s  and 

Short- haul  t r a n s p o r t  s t u d i e s  w i l l  c o n t i n u e  t o  a s s e s s  t h e  technology needs  of t h i s  c l a s s  of a i r c r a f t ,  
r e l y i n g  h e a v i l y  on t h e  t e c h n o l o g i e s  be ing  s t u d i e d  and developed i n  t h e  long- haul  and g e n e r a l  a v i a t i o n  a r e a s  
a s  w e l l  a s  t h e  impact  of advanced tu rboprops  on such  an  a i r c r a f t  system. 

1980 1981 
1979 Budget Current  Budget - - 

Actual  Es t imate  Es t ima te  E s t i m a t e  
(Thou sands of  D o l l a r s  ) 

General  Av ia t ion  Systems Technology............................ 3,000 800 800 100 

OBJECTIVES AND STATUS: 

The General  Av ia t i on  Systems Technology program purpose  i s  t o  demons t r a t e  and v e r i f y  t h e  f e a s i b i l i t y  and 
a v a i l a b i l i t y  of new technology f o r  g e n e r a l  a v i a t i o n ,  t h e r e b y  promoting t h e  e a r l i e s t  p o s s i b l e  t r a n s f e r  t o  and 
u t i l i z a t i o n  of new technology by i n d u s t r y .  O b j e c t i v e s  of program e lements  i n c l u d e  improvements i n  s a f e t y ,  
u t i l i t y  and energy  e f f i c i e n c y .  

With t h e  s u c c e s s f u l  conc lus ion  of t h e  Quie t ,  Clean, General  Av ia t i on  Turbofan program a t  t h e  end of 
FY 1979, program emphasis i n  FY 1980 i s  c o n c e n t r a t e d  on a v i o n i c s  and human f a c t o r s  i n  t h e  General  Av ia t i on  
Demonstrat ion Advanced Avionics  Systems. The o b j e c t i v e  i s  t o  p r o v i d e  t h e  c r i t i c a l  i n fo rma t ion  r e q u i r e d  by 
i n d u s t r y  t o  proceed w i t h  t h e  d e s i g n  of a r e l i a b l e ,  low c o s t ,  advanced a v i o n i c s  system which can enhance t h e  
s a f e t y  and u t i l i t y  of a m a j o r i t y  of g e n e r a l  a v i a t i o n  a i r c r a f t ,  p a r t i c u l a r l y  f o r  s i n g l e  p i l o t  ope ra t i on .  
System d e s i g n  was completed, and f a b r i c a t i o n ,  i n s t a l l a t i o n  and checkout  of t h e  f l i g h t  system i s  proceeding .  
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BASIS OF FY 1981 ESTIMATE: 

Checkout and f l i g h t  t e s t  of t h e  Demonstrat ion Advanced Avionics  System w i l l  be conducted du r ing  FY 1981, 
and e v a l u a t i o n s  by NASA, i n d u s t r y  and s e l e c t e d  g u e s t  p i l o t s  w i l l  b e  i n i t i a t e d .  

1980 1981 
1979 Budget Current  Budget 

Actua l  Es t imate  Es t ima te  E s t i m a t e  
(Thou s and s of Do 1 1 a r  s ) 

Low Speed A i r c r a f t  Sys t e m s  Technology. . . . . . . . . . . . . . . . . . . . . . . . . . 14,970 19,250 23,250 23,450 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of t h e  Low Speed A i r c r a f t  Systems Technology program i s  t o  accomplish focused  ground-based 
and f l i g h t  r e s e a r c h  t o  g e n e r a t e  r e q u i r e d  eng inee r ing  and o p e r a t i o n a l  d e s i g n  c r i t e r i a  d a t a  on promis ing  sys-  
t e m s  f o r  f u t u r e  c i v i l  and m i l i t a r y  a p p l i c a t i o n s .  The a i r c r a f t  c a t e g o r i e s  involved  i n c l u d e  r o t o r c r a f t  and 
v e r t i c a l / s h o r t  t ake- of f  and l a n d i n g  (V/STOL) a i r c r a f t .  The broad a r e a s  of concern i n c l u d e  p ropu l s ion ;  con- 
f i g u r a t i o n  o p t i m i z a t i o n  and modeling; i n t e g r a t e d  f l i g h t  c o n t r o l s ,  gu idance ,  and nav iga t ion ;  and s t r u c t u r a l  
sys tems i n v o l v i n g  a e r o e l a s t i c i t y ,  v i b r a t i o n ,  a c o u s t i c s ,  and advanced l i g h t w e i g h t  m a t e r i a l s  a p p l i c a t i o n s .  
The a c t i v i t y  i n v o l v e s  coo rd ina t ed  r e s e a r c h  e f f o r t s  i n  a n a l y s i s ,  model t e s t i n g ,  and f l i g h t  t e s t i n g  o r  r o t o r -  
c r a f t  and V/STOL and STOL a i r c r a f t .  

The two new Rotor  System Research A i r c r a f t  (RSRA) v e h i c l e s  have been  accep ted  by t h e  Government and a r e  

Ex tens ive  f l i g h t  envelope  documentat ion has  been completed f o r  t h e  
undergoing  b a s e l i n e  f l i g h t  tes ts .  The second XV-15 T i l t  Rotor Research A i r c r a f t  i s  proceeding  w e l l  i n  i t s  
proof- of concept  f l i g h t  t e s t  program. 
Quie t  Short-Haul Research A i r c r a f t  (QSEU). The c o n s o l i d a t i o n  of NASA exper imenta l  h e l i c o p t e r s  a t  t h e  Ames 
Research Center  has  been accomplished. 
p r o p u l s i o n  c o n t r o l  a n a l y s i s ,  and on expe r imen ta l  e v a l u a t i o n  of c o n f i g u r a t i o n  concep t s  i n  bo th  t h e  low speed 
V/STOL and t h e  h igh  speed cru ise /maneuver  f l i g h t  regimes. The ground-based f l i g h t  s i m u l a t i o n  c a p a b i l i t i e s  
a t  t h e  Ames Research Center  a r e  be ing  enhanced t o  perform complete  r e a l- t i m e  s i m u l a t i o n  of r o t o r c r a f t  and 
V/STOL a i r c r a f t  i n  t h e i r  complex t e r m i n a l  a r e a  f l i g h t  regimes. 

h p h a s i s  on V/STOL systems technology i n  FY 1980 has  been on 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The i n c r e a s e  of $4 m i l l i o n  i s  t h e  n e t  r e s u l t  of two u n r e l a t e d  a c t i o n s :  (1) a budgetary  rea l ignment  and 
t h e  a s s o c i a t e d  t r a n s f e r  of $1 m i l l i o n  of Low Speed A i r c r a f t  Systems Technology funds  t o  t h e  F l u i d  Phys i c s  
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Research and Technology program f o r  t h e  planned improvement of t h e  I L L I A C  computer memory; and ( 2 )  a 
Congress iona l  approval  of an a d d i t i o n a l  $5 m i l l i o n  f o r  advanced r o t o r c r a f t  technology.  

BASIS OF FY 1981 ESTIMATE: 

F l i g h t  t e s t s  of t h e  Rotor  System Research A i r c r a f t  (RSRA) i n  FY 1981 w i l l  expand and document t h e i r  b a s i c  
f l i g h t  c h a r a c t e r i s t i c s  w i t h  t h e i r  d e l i v e r e d  f i v e- b l a d e  5-61 r o t o r s .  Adapta t ion  w i l l  b eg in  of an  e x i s t i n g  
modern fou r- b lade  r o t o r  system f o r  e v a l u a t i o n  on RSRA, and s t u d i e s  w i l l  be  under taken  of more advanced r o t o r  
system concep t s  t h a t  may w a r r a n t  f u t u r e  l a r g e- s c a l e  wind tunne l  and f l i g h t  e v a l u a t i o n  on RSRA. D e t a i l e d  
p r e s s u r e  and f l ow measurements w i l l  be  made i n  h i g h l y  ins t rumented  b l a d e  t i p  r e g i o n s  of an  AH-1G h e l i c o p t e r  
i n  f l i g h t  f o r  a b e t t e r  unde r s t and ing  of complex t i p  aerodynamics having powerful  e f f e c t s  on performance and 
a c o u s t i c s .  

Proof- of- concept  and concept  e v a l u a t i o n  f l i g h t  t es t s  w i l l  be  completed w i t h  t h e  XV-15 T i l t  Rotor  Research 
A i r c r a f t  t o  v a l i d a t e  i t s  f l i g h t  c h a r a c t e r i s t i c s  th roughout  i t s  f l i g h t  envelope,  t o  p r o v i d e  d e s i g n  and opera-  
t i o n a l  d a t a  upon which c e r t i f i c a t i o n  and d e s i g n  c r i t e r i a  can be  e s t a b l i s h e d  and t o  e v a l u a t e  t h e  g e n e r a l  
p o t e n t i a l  of t h e  t i l t  r o t o r  concept  t o  perform m i l i t a r y  and c i v i l  m i s s i o n  p r o f i l e s .  S t u d i e s  w i l l  b e  con- 
t i n u e d  of advanced r o t o r  and c o n t r o l  systems f o r  p o s s i b l e  f u t u r e  e v a l u a t i o n  on t h e  a i r c r a f t .  

On r o t o r c r a f t  o p e r a t i n g  systems,  ground-based s i m u l a t i o n  and f l i g h t  r e s e a r c h  w i l l  c o n t i n u e  on a i r b o r n e  
r a d a r  systems f o r  t e r m i n a l  a r e a  approach guidance ,  on a NASA a i r b o r n e  V/STOL guidance  and n a v i g a t i o n  system 
(used p r i m a r i l y  f o r  V/STOL a i r c r a f t )  coupled t o  a ground-based microwave l and ing  system, on r i n g  l a s e r  gy ros  
a s  s e n s o r s  i n  guidance  systems,  and on o v e r a l l  i n t e g r a t e d  f l i g h t  systems op t imiza t ion .  F l i g h t  t e s t  v e h i c l e s  
i n c l u d e  t h e  UH-1H, SH-3A, XV-15, and CH-53A. 

A focused  e f f o r t  w i l l  be  i n i t i a t e d  i n  t h e  a r e a  of advanced r o t o r c r a f t  t echnology w i t h  emphasis  on a n a l y t i c a l  
modeling and v e r i f i c a t i o n  of s e l e c t e d  systems through ground-based and f l i g h t  t e s t i n g .  The FY 1981 a c t i v i t y  
w i l l  b u i l d  on t h e  ongoing program and a d d r e s s  t h e  c r i t i c a l  t echnology needs  of r o t o r c r a f t .  Advanced r o t o r  
modeling w i l l  a d d r e s s  new concep t s  f o r  reduced n o i s e  and improved performance from hover t o  h igh  speed f l i g h t .  
Small- and f u l l - s c a l e  wind t u n n e l  t e s t s  w i l l  p rov ide  t h e  b a s i s  f o r  s e l e c t i o n  of follow-on f l i g h t  t e s t i n g .  
I n  t h e  a r e a  of s t r u c t u r a l  systems,  a s p e c i a l  t a s k  team w i l l  d e f i n e  t h e  s t a t e- o f- t h e- a r t  of u n i f i e d  a i r f r a m e  
v i b r a t i o n  p r e d i c t i o n  and assess s p e c i f i c  needs  f o r  f u t u r e  r e s e a r c h  t a s k s .  Add i t i ona l  a c t i v i t i e s  w i l l  a d d r e s s  
s t r u c t u r a l  v i b r a t i o n  r e d u c t i o n  t e c h n i q u e s  by a c t i v e  and p a s s i v e  means and d e f i n e  s e l e c t e d  t e c h n i q u e s  f o r  i n -  
t e r n a l  n o i s e  r educ t ion .  All-weather  o p e r a t i o n s  w i l l  be  addressed  w i t h  a t t e n t i o n  t o  t h e  remote s i t e  and h igh  
d e n s i t y  t e r m i n a l  a r e a  environments .  S e l e c t e d  modern guidance ,  n a v i g a t i o n ,  and d i s p l a y  components and system 
concep t s  w i l l  be  a s s e s s e d  t o  d e f i n e  s e l e c t e d  s i m u l a t i o n  e f f o r t s  and fol low- on f l i g h t  i n v e s t i g a t i o n s  of 
advanced systems. The c r i t i c a l  a s p e c t s  of human f a c t o r s  and a i r c r a f t  i c i n g  w i l l  be  cons idered .  Analyses and 
modeling of  advanced r o t o r c r a f t  p r o p u l s i o n  systems w i l l  be  conducted a s  a p r e c u r s o r  t o  f u t u r e  component and 

RD 9-28 



system ground-based research. 
engine designs to foster the improvement of moderate and small engine performance, efficiency, and 
reliability. 
defined and appropriate ground-based research tasks will be defined as a basis for selected, follow-on 
testing activities. 

Frnphasis will be placed on scaling down new technology available in larger 

The special problems of analytical modeling of large, very high power transmissions will be 

A generalized mathematical model will be generated that can represent all significant details of V/STOL 
propulsion system controls in a real-time, dynamic environment. Preliminary high speed wind tunnel evalua- 
tions will be completed for four V/STOL fighter-type configurations designed around different thrustllift 
propulsion concepts. Preparations will continue to incorporate sophisticated propulsion simulators in the 
models for follow-on test of propulsion system/airframe interactions. Also, effectiveness of a vented, 
rotating nozzle for vectoring V/STOL thrust from propulsive force to lifting force will be investigated 
using a TF-34 turbofan engine on a static test stand. 

Flight experiments with the Qiet Short-Haul Research Aircraft (QSRA) will focus on research that can 
only be performed with that aircraft due to its very high lift performance and low noise in terminal area 
STOL operations. 
develop control laws for such operations at lift coefficients up to 5.5. 

Included will be the initiation of an effort to validate handling qualities criteria and 

1980 1981 
1979 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dol 1 ar s ) 

High Speed Aircraft Systems Technology....................... 9,800 14,800 14,800 16,800 

OBJECTIVES AND STATUS: 

The objective of the High Speed Aircraft Systems Technology program is to generate engineering and design 
data applicable to the advancement of high performance, high speed aircraft for military and civil 
applications. The objective is accomplished by performing detailed and extensive analysis and experimental 
research, including wind tunnel tests, ground-based simulation-studies and flight tests. 

The Supersonic Cruise Research activity is a continuing focused and detailed activity addressing the 
high potential technologies in the critical aircraft disciplines of aerodynamics, propulsion, high 
temperature materials, lightweight long life structures, and engine/airframe integration. 
gress has been recently demonstrated in advanced titanium fabrication processes and structural design con- 
cepts. 

Significant pro- 

The Flight Experiments efforts will provide an extensive data base in a number of areas. 
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The F-15 airframe/propulsion interactions have been established to provide a baseline for the advanced 
The F-14 aircraft incorporating the NASA controls concepts to be flown on the aircraft in future years. 

developed aileron-to-rudder interconnect is in flight test and will be evaluated jointly by NASA and Navy 
personnel. Planning support for both the Advanced Fighter Technology Integration-16 and the UTI-111 
joint programs with the Air Force has continued with wind tunnel testing to refine final configurations 
along with preparation of NASA instrumentation systems to be included in each aircraft during construction. 
The major accomplishment in the Highly Maneuverable Aircraft Technology (HiMAT) effort was the initiation of 
the flight research activities with the first flight in July 1979. The flight envelope expansion activities 
are continuing in preparation for the extensive research flights to begin later this year. 

BASIS FOR THE FY 1981 ESTIMATE: 

In FY 1981, the Supersonic Cruise Research efforts will continue in all discipline technologies. The 
aerodynamics technologies will receive special attention with construction of several new wind tunnel 
models to study refinement of planform and low speedlhigh lift concepts to cover the full speed range. The 
propulsion system/airframe integration activities will address both advanced noise suppression technologies 
for the inlet and nozzle along with a wind tunnel experimental test of noise suppression and low speed 
performance of an axisymmetric inlet. The materials and structures activities will continue to emphasize 
the titanium fabrication and structural design with broadly based work in superplastic forming and diffusion 
bonding, adhesive bonding techniques for titanium honeycomb, cold forming of the beta alloy and fabrication 
of a small primary structural element. In addition, an activity in advanced flight procedures for low noise 
with improved aerodynamics and handling qualities will be expanded. 

The Flight Experiments efforts in FY 1981 will address a broad array of technologies using a variety of 
high performance aircraft available for research purposes. The F-15 aircraft is dedicated to flight evalua- 
tion of advanced full authority multivariable digital propulsion control concepts. Several concepts, 
evolved in laboratory demonstrations performed by DOD and NASA, will be installed and integrated to the 
twin-(F-lOO)-engine F-15 aircraft for flight testing. The joint NASA/Air Force UTI-16 aircraft incorpora- 
ting an advanced digital multivariable fly-by-wire control system and extensive flight-test instrumentation 
will be delivered to NASA in late FY 1981; flight test planning will be completed and a first flight is 
anticipated in early 1982. 
the complex variable-camber, variable-sweep wing will be completed along with the installation of the exten- 
sive, NASA supplied, instrumentation system. NASA research flight planning will continue through the year 
converging with delivery of the complete aircraft in early 1982. 

The AFTI-111 program is also a joint NASA/Air Force effort. Construction of 

The HiMAT effort will be into the flight research phase in FY 1981. Both aircraft will be utilized in 
evaluation of the technologies designed into these aircraft with detailed studies of the advanced aerody- 
namics of the closely coupled winglcanard and the aeroelastically tailored performance of the graphite 
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composite winglcanard structure. 
speeds, at high angles-of-attack and under maneuvering flight conditions. 
Piloted Research Vehicle (RPRV) technique for low cost flight research purposes will be assessed during the 
year . 

These tests will be conducted at various altitudes, over a range of high 
The utility of the Remotely 

1980 1981 
1979 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Transport Aircraft Systems Technology...................~.... 44,750 58,545 58,545 40,500 

OBJECTIVES AND STATUS: 

The objective of the Transport Aircraft Systems Technology program is to develop and demonstrate advanced 
technology for enhancing aircraft energy efficiency, providing operational compatibility with the future 
national aviation system, and accelerating application of advanced fireworthy materials. 

The Laminar Flow Control effort will develop and demonstrate a practical, reliable, and maintainable 
boundary layer control system for viscous drag reduction of future subsonic transport aircraft. 
in FY 1980 is being placed on initiation of contracted work in support of leading edge systems flight test 
and for manufacturing development of wing suction surface systems components, and continuation of Phase I1 
of in-house technology development in key areas such as aerodynamics, structures, and suction systems. 

Emphasis 

The Energy Efficient Transport activity will develop and evaluate advanced aerodynamics, propulsion/air- 

In FY 1980 advanced aerodynamics and active controls technology programs for selected transport 
frame integration, and active controls technology for near-term application to derivative and new transport 
aircraft. 
design concepts are being continued by three major airframe manufacturers, a flight evaluation of drag- 
reducing winglets will be completed with a KC-135 aircraft, and contractor test and evaluation of two fault- 
tolerant computer models will be completed. 
concepts and completion of a high Reynolds number evaluation of the low speed aerodynamic characteristics of 
a basic wing and high lift system. 

In-house efforts include wind tunnel tests of advanced winglet 

The objective of the Composite Primary Aircraft Structures effort is to accelerate the introduction of 
weight and cost saving composite secondary and medium primary structures in future derivative and new 
commercial transport aircraft by designing, developing, and certifying six representative composite com- 
ponents. During FY 1980, development of the two remaining secondary composite components (B-727 elevator 
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and L-1011 aileron) will be completed. 
Manufacturing development and testing of medium primary composite structures (L-1011 and DC-10 vertical fins 
and B-737 horizontal stabilizer) will continue. Final results of the carbon fiber risk assessment showed 
that the free carbon fiber risk from aircraft application of composites is insignificant. 

Predicted weight savings of 26-29 percent have been validated. 

The objective of the Terminal Configured Vehicle Systems effort is to identify and validate aircraft system 
and flight management technology that will benefit conventional take-off and landing aircraft terminal area 
operations in the future national aviation system environment. This technology program involves analytical 
studies, simulations, and application of advanced technology through the hardware flight test phase to reduce 
risk to the point where the technology will be accepted and applied to future aircraft configurations for 
safer and more productive flight operations. During FY 1980 this effort will continue experiments in close 
cooperation with the Federal Aviation Administration with systems under development for the future air 
traffic control system such as the Microwave Landing System and the Discrete Address Beacon System. 

The objective of the Fire Resistant Materials Engineering (FIREMEN) effort is to accelerate the development 
of materials with improved flammability resistance and low smoke and toxic yield in civil aircraft through 
development and systems testing of new and modified fire-resistant materials and material systems. During 
FY 1980 evaluation of material systems developed earlier will continue, providing materials data needed by 
designers-for interior panels, enclosures, windows, seat fabrics, moldings and cushioning. Full-scale fire 
testing of material systems under the FIREMEN Phase I effort will be completed. 

BASIS OF FY 1981 ESTIMATE: 

In Laminar Flow Control, efforts will continue to develop the technology for a practical, reliable, and 
easily maintained system. In FY 1981, design and development will be underway on suction surface and ducting, 
insect protection/removal, and deicing systems for a spanwise section of the leading edge of a wing back to 
the front spar. Flight testing of two promising systems will commence in FY 1983 at representative flight 
conditions and in an operational environment. Wing suction surface panel structural design activities for 
large transports will be emphasized following award of two industry contracts for alternate designs in late 
FY 1980. During FY 1981, the first phase of Laminar Flow Control swept wing supercritical airfoil high 
speed model wind tunnel tests will be completed in-house. 

In the Energy Efficient Transport effort, work will continue with major airframe and engine manufacturers 
to develop, refine, and evaluate advanced aerodynamic, airframe/propulsion integration, and active control 
technologies. During FY 1981, advanced computer evaluations will continue for application to high reliabili- 
tylhigh maintainability active flight controls, including an initial demonstration of the software-implement- 
able fault tolerance concept. Airframe/propulsion integration investigations will examine the effects of 
internallexternal aerodynamics, staticldynamic loads, and other factors on installation efficiency, 

RD 9-32 



performance gains and deterioration. 
application of active controls technology to advanced energy efficient transport designs, and will continue 
development activities which will lead to separate flight evaluations of drag-reducing wing tip winglets and 
a reduced area horizontal tail on wide-bodied aircraft during FY 1982. 

Airframe manufacturers will continue investigation of the integrated 

In the Composite Primary Aircraft Structures effort, three of the six component activities will continue 
in FY 1981. Manufacturing development of the composite B-737 horizontal stabilizer will be completed during 
that period. The DC-10 composite vertical stabilizer ground test unit will be subjected to fatigue, vibra- 
tion, and other environmental tests, while fabrication and assembly of flight test and flight service units 
continue. The simulated 20-year durability test program to demonstrate production readiness for the L-1011 
vertical fin will continue during FY 1981 with spar and cover environmental chamber cyclic flight profile 
tests, and with static and dynamic loads ground test of completed vertical fin assemblies. In support of 
larger composite primary structures, small subcomponents will be designed and fabricated for investigation 
of fuel integrity, crashworthiness, and durability. 

During FY 1981, the potential of cockpit displayed traffic information will continue to be explored in the 
Terminal Configured Vehicle effort with simulation and flight experiments. Automatic flight control system 
improvements and new concepts for flight and turnoff guidance will be demonstrated and validated for greater 
precision of touchdown in windshear conditions and reduced runway occupancy times. A study to redefine the 
B-737 research airplane flight deck for greater crew efficiency will be completed in FY 1981. 

In the Fire Resistant Materials Engineering area, full-scale testing of improved fire resistant fabrics 
and cushion materials for aircraft seats will be completed in FY 1981. 
conditions will continue, in conjunction with the Federal Aviation Administration, National Academy of 
Sciences,and National Bureau of Standards, in the search for relevant toxicological evaluations of the 
pyrolysis products of aircraft materials under typical aircraft fire conditions. 

Development of test methods and 

1980 1981 
1979 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Advanced Propulsion Systems Technology....................... 66,255 69,500 72,500 56,200 

OBJECTIVES AND STATUS: 

The objectives of the Advanced Propulsion Systems Technology program are to achieve improved performance, 
lower fuel consumption, and reduce noise and emissions in advanced aircraft engines through the integration 
of advanced propulsion components. 
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The component development and integration phase of the Energy Efficient Engine (EEE) program continues. 
The detailed design of major engine components was completed, and full-scale engine component rig tests have 
been initiated. In the Engine Component Improvement effort, development of performance improvement concepts 
continues, and orders have been placed by airlines for four of the improved technology components. 
Advanced Turboprop (ATP) program, efforts are continuing to address aerodynamic, acoustic, and structural 
problems related to advanced turboprop propulsion systems. 
ment of a design data base developed from small-scale prop-fan models. 
technology effort, performance and emissions testing of the duct burner system over its full operational 
regime will be completed in late FY 1980. 
and aero/acoustic testing will be in progress by the end of FY 1980. 
acoustic suppression provided by thin sheath thermal shielding will also be in progress. 

In the 

Bnphasis in FY 1980 will focus on the establish- 
In the Variable Cycle Engine (VCE) 

Fabrication of the core-driven fan test system will be completed 
An assessment of exhaust stream a 

CHANGES FROM FY 1980 ESTIMATE: 

The $3 million increase reflects Congressional action to add $3 million to the Variable Cycle Engine 
technology effort for FY 1980. 

BASIS OF FY 1981 ESTIMATE: 

The Energy Efficient Engine (EEE) full-scale component tests of the fan, high pressure compressor, full 

Supporting technology activities that verify 
annular combustor, and high pressure turbine will be completed in FY 1981. 
and integrated core and low spool system will be initiated. 
advanced EEE concepts such as the thermal barrier coatings and shroudless hollow fan blades will be 
completed. The results of the FY 1981 experimental activities will provide for the second major update of 
the EEE Flight Propulsion System. 

Fabrication of the core system 

The Variable Cycle Engine technology effort will focus on development and demonstration of the critical 
low spool technologies unique to variable cycle propulsion systems for future advanced supersonic cruise 
aircraft. In FY 1981, new concepts will be investigated and promising concepts identified in prior years 
will be developed further with emphasis on advancing the technology required to achieve noise reductions 
greater than have been demonstrated to date. Selected designs of these components and additional flow 
modulation and acoustic suppression techniques will be integrated into system demonstrations to verify 
critical component/system performance. Efforts will be initiated on the design, fabrication, and component 
testing of coannular/suppressor nozzle systems, flight-type duct burners, and an advanced variable flow fan. 

The Advanced Turboprop (ATP) program will emphasize the technology necessary for advanced high speed 
propellers capable of providing up to 25 percent fuel savings relative to current high-bypass-ratio turbofan 
engines. In FY 1981, efforts will continue to address aerodynamic, acoustic, and structural problems in 
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o r d e r  t o  p r o v i d e  t h e  e s s e n t i a l  d a t a  b a s e  n o t  o n l y  f o r  advanced turboprop-powered commercial t r a n s p o r t s  b u t  
a l s o  f o r  sho r t- hau l  and commuter a i r c r a f t .  
of l a r g e- s c a l e ,  h igh  speed p r o p e l l e r s  and t h e  development of wind t u n n e l  t e s t  methods t o  e v a l u a t e  t h e  
s t r u c t u r a l  dynamics of  t h e s e  p r o p e l l e r s .  

Major emphasis i n  J?Y 1981 w i l l  be d i r e c t e d  toward t h e  d e s i g n  
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RESEARCH AND DEVELOPMENT 
FISCAL YEAR 1981 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF AERONAUTICS AND SPACE TECHNOLOGY 

SUMMARY OF RESOURCES REQUIREMENTS 

Research and technology base  ............................ 
Systems technology programs ............................. 
Standards  and p r a c t i c e s  ................................. 

Tota l  ................................................. 
D i s t r i b u t i o n  of  Program Amount by I n s t a l l a t i o n :  

Johnson Space Center  ................................... 
Marshall  Space F l i g h t  Center  ............................ 
Goddard Space Flight.  Center  .............................. 
J e t  Propuls ion  Laboratory ............................... 
A m e s  Research Center  .................................... 
Langley Research Center  ................................. 
Lewis  Research Center  ................................... 
Headquarters  ............................................ 

Tota l  ................................................. 

1979 
Actual  

86.  277 
12 .  023 

9 .  000 

5 .  284 
9 .  279 
9 .  656 

20 .  918  
9 .  904  

24 .  472 
22.  866 

4.  9 2 1  

107 . 300 

SPACE RESEARCH AND TECHNOLOGY 

1980 
Budget Current  
E s t  ima t e E s t ima t e 

(Thousands of  D o l l a r s )  

9 9 .  300 99 .  785 
11. 015 14. 100 

3 .  000 5 .  000 

116.400 115. 800 

9 .  440  
6 .  500 
9 .  300 

24.  600 
9 .  840 

27 .  400  
25 .  420 

3 .  900  

10. 045 
6 .  642 
8.  848 

22.  673 
9 .  8 8 1  

27.  882 
23 .  694  

6 .  135 

116 . 400 115. 800 

1981  
Budget Pa ge 

Est imate No. 

103.  400 RD 10 -3  
9 .  700  RD 10-17 
2.  100 RD 10- 20 

115.200 

8. 200 
7 .  150 
9 .  400 

20 . 800 
9 .  800 

30.  000 
25. 900 

3 .  950 

115 .  200 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1981 ESTIMATES 

OFFICE OF AERONAUTICS AND SPACE TECHNOLOGY SPACE RESEARCH AND TECHNOLOGY PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The o b j e c t i v e s  of  t he  Space Research and Technology program a r e  t o  provide  t he  technology base necessary  
t o  support  c u r r e n t  and f u t u r e  space a c t i v i t i e s ;  t o  formulate  technology op t ions  f o r  the  f u t u r e ;  and t o  advance 
technology f o r  f u r t h e r  reducing the  c o s t s  of  space a c t i v i t i e s .  

The FY 1981 program suppor t s  t h e s e  o b j e c t i v e s  by s t r e s s i n g  the  technology a r e a s  judged t o  be most c r i t i c a l  
by advisory  groups, a s p e c i a l  in-house assessment ,  and in-house u s e r s  of  t he  technology needed t o  enhance 
planned missions and t o  enable  f u t u r e  missions which a r e  beyond c u r r e n t  c a p a b i l i t i e s .  Emphasis i s  on 
i n c r e a s i n g  performance and reducing c o s t  and r i s k  i n  both fundamental technology and i n  t he  a r e a s  of in format ion  
systems, spacec ra f t  systems, and t r a n s p o r t a t i o n  systems. When requi red ,  t h e  program demonstrates  t he  r ead ines s  
of  new technology by space experiments t o  a s s u r e  i t s  acceptance f o r  u t i l i z a t i o n  on planned missions.  

CHANGES FROM FY 1980 BUDGET ESTIMATES: 

The Space Research and Technology program has  been r e s t r u c t u r e d  t o  provide  f o r  more e f f e c t i v e  and e f f i c i e n t  
program management, 
1979, and simply r e f l e c t  new l o c a t i o n s  w i t h i n  t h e  o v e r a l l  program s t r u c t u r e  r a t h e r  than  changes i n  emphasis. 
Changes i n  emphasis a r e  explained under each r e l a t e d  program j u s t i f i c a t i o n .  

These changes a r e  c o n s i s t e n t  wi th  t he  new OAST o rgan iza t i on  implemented i n  t he  f a l l  of 

BASIS OF FUND REQUIREMENTS: 

I n  FY 1981, a c t i v i t i e s  a r e  designed t o  main ta in  a s t rong  r e sea rch  and technology base i n  t he  d i s c i p l i n a r y  
a r e a s  of  m a t e r i a l s  and s t r u c t u r e s ,  e l e c t r o n i c s  and automation, e n t r y  f l u i d  phys ics ,  chemical p ropuls ion ,  and 
space power and e l e c t r i c  propuls ion ,  and i n  t he  systems a r e a s  of  in format ion ,  spacec ra f t ,  and t r a n s p o r t a t i o n .  
These e f f o r t s  w i l l  con t inue  t o  provide t h e  technology base f o r  f u t u r e  miss ions .  

Systems technology e f f o r t s  i nc lude  s t u d i e s  t o  focus t he  technology a c t i v i t i e s  i n  d i r e c t i o n s  which provide 
maximum b e n e f i t s  t o  f u t u r e  space programs. Other systems technology e f f o r t s  a r e  d i r e c t e d  a t  developing the  
technology f o r  advanced space communications systems and f o r  conduct ing se l ec t ed  experiments i n  space. During 
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FY 1981, experiment i n t e g r a t i o n  i n t o  t he  Long Durat ion Exposure F a c i l i t y  (LDEF) w i l l  cont inue ,  and the  LDEF 
w i l l  be  maintained ready f o r  i n t e g r a t i o n  wi th  t h e  S h u t t l e .  
be conducted on e a r l y  S h u t t l e ,  Spacelab, and f r e e - f l y i n g  missions w i l l  be cont inued,  

The development and i n t e g r a t i o n  of  experiments t o  

I n  t he  s t anda rds  and p r a c t i c e s  a r ea ,  emphasis i s  being placed on completion of s tandard hardware f o r  use on 
m u l t i p l e  missions,  product  improvement through component upgrading, and improvement of  program p r a c t i c e s ,  
concen t r a t i ng  on such a r e a s  a s  s p e c i f i c a t i o n s ,  t e s t i n g ,  and f l i g h t  p r o j e c t  a n a l y s i s .  

BASIS OF FY 1981 ESTIMATE: 

RESEARCH AND TECHNOLOGY BASE 

Entry f l u i d  phys ics  r e sea rch  and technology ............... 
Chemical p ropuls ion  r e sea rch  and technology ............... 
Mate r i a l s  and s t r u c t u r e s  r e sea rch  and technology .......... 
E l e c t r o n i c s  and automation research  and technology..  ...... 
Space power and e l e c t r i c  propuls ion  r e sea rch  and 

technology ............................................... 
M u l t i d i s c i p l i n a r y  research  and technology ................. 
Information systems r e sea rch  and technology ............... 
Spacecraf t  systems research  and technology ................ 
Transpo r t a t i on  systems r e sea rch  and technology ............ 

Tota l  ................................................... 

1979 
Actual  

5 , 200 
8 , 600 

16 , 400 
8,200 

17 , 000 
2 , 000 

5,495 
16 , 308 

7,074 

86.277 

1980 
Budget Current  
Est imate Est imate 

(Thou sand s o f Do 1 l a  r s ) 

5 , 400 5 , 400 

16 , 400 16,400 
8,550 8,550 

8,900 8,900 

19,750 19,750 
2 , 700 2,700 

20,600 20 , 600 
7 , 250 7,250 
9,750 10,235 

99.300 

1981 
Budget Page 

Est imate No. 

6,100 RD 10-4 
9,300 RD 10-5 

16,500 RD 10-6 
8,800 RD 10-8 

20,300 RD 10-9 

22,600 RD 10-12 
2,900 RD 19-11 

8,700 RD 10-13 
8,200 RD 10-15 

103,400 
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1980 1981 
Budget 1979 Budget Current  

Actual Est imate Estimate Est imate 
(Thousands of  Do l l a r s )  

Entry Fluid Physics  
Research and Technology ................................ 5 , 200 5 , 400 5 , 400 6,100 

OBJECTIVES AND STATUS : 

The o b j e c t i v e  of t h i s  e f f o r t  i s  t o  improve the  understanding of  t he  aerothermodynamic, gasdynamic and f l i g h t  
This  knowledge mechanic problems of  s p a c e c r a f t  designed f o r  Ear th  o r b i t a l  missions and p l ane t a ry  exp lo ra t i on .  

w i l l  be used t o  improve t h e  s a f e t y ,  r e l i a b i l i t y  and e f f i c i e n c y  o f  such s p a c e c r a f t .  

I n  t h e  a r ea  of  space v e h i c l e  c o n f i g u r a t i o n  and aerothermodynamics, technology assessment s t u d i e s  have 
i n d i c a t e d  t h a t  f o r  advanced, heavy l i f t ,  s i n g l e - s t a g e - t o - o r b i t  v e h i c l e s ,  t he  f a r  a f t  c e n t e r  of g r a v i t y  
l o c a t i o n  (75 percent  of  l eng th )  i s  a major de s ign  i s s u e  t h a t  mus t  be addressed and solved be fo re  t h e  advan- 
t ages  a s s o c i a t e d  wi th  advanced technology can be r e a l i z e d .  I n  t h e  a r ea  o f  p l ane t a ry  e n t r y  probes,  t he  
c a p a b i l i t y  has  been developed t o  c a l c u l a t e  t he  t u rbu len t  flow f i e l d  about  a massively a b l a t i n g  spherercone 
e n t r y  body du r ing  descent  through t h e  atmosphere of J u p i t e r .  
experiments t o  be conducted on the  S h u t t l e  O r b i t e r  a r e  under cons t ruc t ion .  These experiments w i l l  provide 
r e s e a r c h - q u a l i t y  da ta  f o r  use i n  eva lua t ing  t h e o r e t i c a l  and experimental  methods. 

I n  t he  f l i g h t  da t a  a n a l y s i s  e f f o r t ,  s eve ra l  

BASIS OF FY 1981 ESTIMATE: - 
I n  t he  a r ea  of space v e h i c l e  c o n f i g u r a t i o n  and aerothermodynamics, e f f o r t s  a r e  aimed a t  improving v e h i c l e  

performance and r e l i a b i l i t y  and reducing c o s t s  f o r  a v a r i e t y  of  p o t e n t i a l  space missions.  I n  FY 1981, 
continued emphasis w i l l  be placed on development of  theory,  advanced computational methods, and computer 
codes f o r  p r e d i c t i n g  v e h i c l e  flow f i e l d s  and performance; development of  improved ground-based experimental  
t echniaues ,  i n s t rumen ta t i on  and s imula t ion  c a p a b i l i t y ;  p rov i s ion  o f  advanced v e h i c l e  de s ign  i n t e g r a t i o n  
c a p a b i l i t y ;  and development of  a da t a  base  from ground f a c i l i t y  and f l i g h t  i n v e s t i g a t i o n s  f o r  support  o f  
f u t u r e  v e h i c l e  des ign .  

The p l a n e t a r y  probe technology e f f o r t  p rovides  t he  aerothermodynamic base  which suppor t s  c u r r e n t  and f u t u r e  
s c i e n t i f i c  miss ions  t o  s tudy the  atmospheres of  Venus, Mars, t he  o u t e r  p l a n e t s  and c e r t a i n  o f  t h e i r  s a t e l l i t e s .  
This  technology base i s  used i n  t h e  des ign ,  development, and v e r i f i c a t i o n  of  p l ane t a ry  probe con f igu ra t i ons ,  
and provides  the  f l i g h t  mechanics da t a  i n  support  o f  t he  atmospheric  r econs t ruc t ion  experiment.  I n  FY 1981, 
t h e o r e t i c a l  and experimental  e f f o r t s  w i l l  be  pursued i n  the  a r e a s  of  shock- layer  r a d i a t i o n ,  a b l a t i o n  product  
r a d i a t i o n  and absorp t ion ,  l igh t ly- b lown shock- layers ,  probe f l i g h t  mechanics, and mass loss and shape change. 
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These s t u d i e s  w i l l  be  pursued t o  develop a da t a  base  t o  be used t o  minimize p l ane t a ry  miss ion  c o s t s ,  t o  
maximize t h e  s c i e n t i f i c  r e t u r n s ,  and t o  i n s u r e  a high p r o b a b i l i t y  of  miss ion  success .  

The f l i g h t  da t a  a n a l y s i s  e f f o r t  w i l l  use the  O r b i t e r  Experiment f l i g h t  da t a  t o  understand phenomena which 
cannot be s imulated i n  ground f a c i l i t i e s ,  t o  develop techniaues  f o r  e x t r a p o l a t i n g  ground f a c i l i t y  r e s u l t s  t o  
f l i g h t  cond i t i ons ,  and t o  v e r i f y  a n a l y t i c a l  and computational p r e d i c t i o n  techniques.  I n  FY 1981, a n a l y s i s  
techniques and a s s o c i a t e  sof tware  w i l l  be developed and t h e  da ta  base w i l l  be def ined i n  p repa ra t i on  f o r  
a n a l y s i s  of  f l i g h t  d a t a .  

1980 1981 
1979 Budget Cur r e c  t Budget 

Actual  Es t imate  Est imate Est imate 
(Thousand s of Dol l a  r s) 

Chemical Propuls ion  Research and Technology ......,...... 8,600 8,900 8,900 9,300 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of t h i s  a c t i v i t y  i s  t o  advance t h e  technology of  high t h r u s t  chemical p ropuls ion  systems i n  
o rde r  t o  ach ieve  s i g n i f i c a n t  r educ t ion  i n  t he  development, p roduct ion  and ope ra t i ons  c o s t s  and t o  improve the  
performance c a p a b i l i t y  of  f u t u r e  space t r a n s p o r t a t i o n  v e h i c l e s  and l o n g - l i f e  spacec ra f t  systems. 

S i g n i f i c a n t  t echnologica l  p rogress  has  been made du r ing  the  p a s t  yea r ,  bo th  i n  advanced space t r a n s p o r t a t i o n  
system p ropu l s ion  and i n  l o n g - l i f e  s p a c e c r a f t  systems. The r egene ra t i ve  coo l ing  c a p a b i l i t y  of  l i q u i d  oxygen 
was demonstrated a s  was t he  e f f i c i e n t  ope ra t i on  of  oxygen-hydrocarbon primary combustors and tu rb ine  d r i v e  gas 
gene ra to r s  a t  high p re s su re s .  Heat s t e r i l i z a t i o n  of  a s o l i d  p r o p e l l a n t  formula t ion  designed f o r  p l ane t a ry  
launch v e h i c l e s  was a l s o  demonstrated. 

-_ BASIS OF FY 1981 ESTIMATE: 

Technology demonstrat ing long s e r v i c e  l i f e  f o r  small  oxygen-hydrogen systems i s  being completed. I n  FY 1981, 
t h e  technology e f f o r t s  w i l l  be o r i en t ed  toward eva lua t ing  small  oxygen-hydrogen engine concepts  designed f o r  
very low t h r u s t  ope ra t i ons .  Systems under cons ide ra t i on  inc lude  s i n g l e  engines,  designed f o r  both high t h r u s t  
and low t h r u s t ,  and engines designed f o r  low t h r u s t  ope ra t i on  only .  

Research and technology on high d e n s i t y  f u e l  engines f o r  advanced Ear th-  t o - o r b i t  v e h i c l e s  w i l l  cont inue 
t o  emphasize s imp l i f i ed  s e r v i c i n g  and maintenance techniaues ,  component des igns  f o r  long s e r v i c e  l i f e ,  
combustion, h e a t  t r a n s f e r  and cool ing ,  and expansion nozz le  con f igu ra t i ons  designed t o  maximize s p e c i f i c  
impulse over  a v a r i e t y  of engine ope ra t i ng  cond i t i ons  and a l t i t u d e s .  
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Long-life spacecraft propulsion technology activities are directed toward systems designed to operate 
reliably over long periods of time, up to 10 years in space, without benefit of repair or refurbishment. 
These research and technoLogy efforts include planetary retropropulsion, deorbit, atmospheric entry, 
landing, and launch propulsion systems, as well as spacecraft auxiliary propulsion. Work has been initiated 
evaluating small pump-fed retropropulsion for more efficient placement of science payloads in orbit around 
the planets. Technology investigations focused on ways to produce oxygen from the Martian atmosphere for 
use as an Earth-return vehicle propellant will continue. The test firing of a complete solid motar following 
heat sterilization will be conducted in FY 1981. 

Basic research to expand understanding of the chemical and physical processes that occur in rocket propulsion 
system will be continued. The search for advanced propulsion system concepts that will provide a new level of 
capability beyond conventional chemical systems will also continue. In FY 1981, the efforts will include 
continuation of combustion studies; exhaust plume definition; and analyses of effects, performance prediction 
techniques, solid propellant polymers and viscoelastic properties, behavior of fluids in a low gravity 
environment, and laser propulsion feasibility studies. 

1980 1981 
Budget 1979 Budget Current 

Actual Estimate Estimate Estimate 
(Thousands of Dolla rs) 

Materials and Structures 
Research and Technology ................................ 16 , 400 16 , 400 16 , 400 16 , 500 

OBJECTIVES AND STATUS: 

The objective of this activity is to develop the technology in advanced materials and structures for 
improving the performance, efficiency, durability and economy required for large area space structures for 
antennas and platforms, advanced space power generation, advanced space transportation systems, orbiting 
spacecraft and planetary probes, and payloads. Areas of emphasis include: (1) basic understanding of 
material science, including advanced metallics and intermetallics, long duration environmental 
effects of space, tribology, computational chemistry and surface physics, and bearings, lubricants and 
seals technology; (2) development of composites, including both polymeric and metal matrices and the identi- 
fication of environmental effects and damage mechanisms; ( 3 )  development of metallic and nonmetallic 
thermal protection systems; ( 4 )  definition of loads, dynamics and aeroelasticity of aerospace vehicles, 
payloads and spacecraft systems; and (5) development of advanced structural concepts, integrated analysis and 
synthesis techniques for design and qualification procedures involved in new systems with operational 
requirements well beyond the current state of technology. 
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A major research effort is being directed at determining the durability of structural composite materials, 
both metallic and nonmetallic, in the space environment and identifying the significant damage mechanisms so 
that synthesis of resistant materials may be achieved. 
composites and new fibers for metal matrix composites to achieve higher performance levels in space structures. 
Fundamental work on friction and wear, directed at higher temperature longer life bearings and seals, continues 
to demonstrate that improvements are possible. Several products previously developed are now being used in 
critical areas of the Space Shuttle Orbiter. Advanced thermal protection systems for both space transportation 
systems and planetary probes have been developed and are under evaluation. Several advanced insulation systems 
have progressed to the point that the technology can be incorporated into the Space Shuttle. Other advanced 
systems offer application options for the future. In N 1980, a dynamic, acoustic, thermal experiment (DATE) 
was initiated for flight measurements of the Shuttle payload environment. 
objective the development and validation of advanced technology for prediction of the environment and associated 
payload responses in cargo areas of space vehicles. The secondary objective of the DATE experiment is to 
improve current knowledge of environments for design of Shuttle payloads. Nonlinear analysis and synthesis 
techniques for dynamic and thermal response, stability and control, and structural design, including optimiz- 
ation, are being developed for advanced space transportation systems, payloads, large space structures, and 
spacecraft. 
program to verify deployment dynamics and assembly techniques is in progress. 

Work is continuing on high temperature resin matrix 

This experiment has as its major 

Erectable and deployable platform configuration concepts have been developed, and a ground test 

BASIS OF FY 1981 ESTIMATE: 

Basic research activities in FY 1981 will include corrosion, chemisorption, catalysis, hydrogen embrittlement, 
fiber-matrix interface properties, and lifetime prediction in elastomeric systems. 
of these phenomena and processes will provide the foundation for improving performance of space materials. 
In FY 1981, increased attention will be given to the effect of the space environment on the properties of 
composite materials. Materials which have good long-term resistance to space radiation will be identified. 
Aluminum matrix composites will be evaluated for the feasibility of low cost forming and enhancements 
possible with new fibers such as aluminum, silicon carbide and specially-coated boron. 
lubricants will be studied for their stability at high temperatures and in vacuum. 
concepts will be evaluated in a simulated turbopump. Studies will be initiated to examine the characteristics 
of intermetallic aluminides for high strength to density applications. 

An improved understanding 

Liquid and solid 
High pressure seal 

Thermal protection concepts and materials will continue to be evaluated for the protection of re-entry 
In FY 1981, emphasis will be on obtaining better understanding of fundamental vehicles and planetary probes. 

material surface behavior through the application of computational chemistry. For insulating heat shields, 
the emphasis will be on evaluating refractory fibers capable of withstanding temperatures as high as 3500'F. 
Candidate heat shield materials for planetary and solar probes will also be developed and tested to evaluate 
their performance. 
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I n  FY 1981, r e sea rch  and technology e f f o r t s  w i l l  con t inue  the  eva lua t ion  of  s e l ec t ed  s t r u c t u r a l  concepts  
f o r  deployable and e r e c t a b l e  space systems and the  i d e n t i f i c a t i o n  o f  de s ign  and q u a l i f i c a t i o n  procedures  
r equ i r ed  t o  meet p o s s i b l e  f u t u r e  mission requirements .  

I n  t he  a r ea  o f  i n t e g r a t e d  a n a l y s i s  and s y n t h e s i s  methods, emphasis w i l l  be on improved computational 
e f f i c i e n c y  and continued development of  s t r u c t u r a l  modeling and a n a l y s i s  methods t o  meet t h e  des ign  needs 
of  f u t u r e  space systems, i nc lud ing  nonl inear  behavior  due t o  l a r g e  deformations and non i so t rop i c  composite 
m a t e r i a l  a p p l i c a t i o n ,  f a t i g u e  l i f e  of  advanced m e t a l l i c  and composite m a t e r i a l s ,  and s t r u c t u r a l / c o n t r o l s  
dynamic i n t e r a c t i o n s .  

I n  l oads ,  dynamics, and a e r o e l a s t i c i t y ,  t he  focus w i l l  i nc lude  t h e  a d a p t a t i o n  of payload loads  and 
v ib roacous t i c  de s ign  methods t o  S h u t t l e - t y p e  v e h i c l e s ,  the  development o f  concepts  f o r  c o n t r o l  of s t r u c t u r a l  
dynamic modes o f  space systems, and improved methods of  dynamic model t e s t i n g .  

The h igh  temperature s t r u c t u r e s  e f f o r t  w i l l  con t inue  development of  m e t a l l i c  s t r u c t u r e s  f o r  Ear th  e n t r y  
v e h i c l e s  capable  of wi ths tanding  temperatures  of  1500°F o r  more, m e t a l l i c  mul t iwal l  thermal p r o t e c t i o n  
systems, and v a l i d a t e d  thermal s t r e s s  p r e d i c t i o n  methods. 

1980 1981 
1979 Budget Current  Budge t 

Actual  Est imate Est imate Est imate 
(Thousands of  Do 1 l a  r s ) 

E l e c t r o n i c s  and Automation 
Research and Technology ..............................., 8,200 

OBJECTIVES AND STATUS: 

8,550 8,550 

The o b j e c t i v e  of  t he  E lec t ron i c s  e f f o r t  i s  t o  provide advanced electromagn - t i c  concepts  tech 
s p e c i a l  devices  needed t o  improve t h e  e l e c t r o n i c s ,  sens ing  and d e t e c t i o n  c a p a b i l i t i e s  requi red  

8,800 

logy and 
f o r  f u t u r e  

p l a n e t a r y  and Ea r th - o rb i t i ng -  s p a c e c r a f t  miss ions ,  
o f  t he  development of  e x i s t i n g  concepts  t o  e x p l o r a t i o n  o f  new concepts .  The Automation a c t i v i t y  provides 
t he  t h e o r e t i c a l  and technology base  needed t o  expand t h e  a p p l i c a t i o n  of  automation t o  g r e a t l y  i nc rease  t h e  
p r o d u c t i v i t y  and e f f e c t i v e n e s s  of humans, s p a c e c r a f t ,  space ope ra t i ons  and f a c i l i t i e s .  This  i s  accomplished 
through b a s i c  r e sea rch  and s y n t h e s i s  and a d a p t a t i o n  of  nonaerospace automation technology t o  space o r i en t ed  
problems. Basic t h e o r i e s  of automated genera l  problem so lv ing  a r e  be ing  developed t o  t he  s t a g e  t h a t  they 
can t r e a t  r e a l i s t i c  space automation- type s i t u a t i o n s ,  such a s  automatic  experiment sequence genera t ion ,  f o r  
u s e  i n  p l a n e t a r y  probe missions.  

The program emphasis i s  s h i f t i n g  f rom -tha t  o f  completion 
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BASIS OF FY 1981 ESTIMATE: 

The Electronics program will continue to investigate the physical phenomena associated with microelectronics 
and detectors and develop new concepts, models and components to provide significant advances in laser tech- 
nology, solid state imaging techniques, high density and high reliability integrated circuits, and mission 
cost-effectiveness by optimizing component functions. This and related technologies in sensing and detection 
will considerably increase system sensitivity and extend observable wavelength capabilities into the far 
infrared regime and greatly increase data recording capacity. 
effort will be on establishing the technology base for the full range of automatic decision making in a 
synthesized form so that adaptability to high potential costlbenefit activities can be explored. In parti- 
cular, automatic sequence generation activities for space missions and automatic process control of support 
functions for Earth orbital missions will be examined. 

During FY 1981, emphasis in the Automation 

1980 1981 
1979 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousand s of Dollars) 

Space Power and Electric Propulsion 
Research and Technology .............................. 17 , 000 19,750 19,750 20,300 

OBJECTIVES AND STATUS: 

The objectives of this activity are to provide the research and technology for major advances in the 
generation, conversion and transmission of energy, and in high specific impulse electric propulsion systems. 
Advances in all of these areas are needed to extend our capabilities in near-Earth space and in the exploration 
of the solar system. 

Advances in battery separators, electrodes, internal components and reconditioning procedures have been 
demonstrated, which can more than double the cycle life of alkaline batteries for space use. 
voltaic area, progress in understanding radiation damage and thermal annealing behavior in silicon solar cells 
has increased the potential of overcoming the degradation in performance experienced with current solar arrays. 
Innovations in surface treatment of the electrodes of thermionic converters have continued to increase the 
conversion efficiencies and available voltages of these devices. 

In the photo- 

The Air Force SCATHA (Spacecraft Charging at High Altitudes) satellite, designed to investigate the buildup 
of electrical charges on spacecraft on high Earth orbits, was successfully launched from KSC on January 3 0 ,  1979, 
and ‘has experienced electrical charging during several electromagnetic substorms. The NASA Spacecraft Charging 
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Analyzer Program (NASCAP) i s  being used t o  reduce and i n t e r p r e t  the  SCATHA charging da ta  i n  a coopera t ive  
NASA/USAF e f f o r t ,  

Ion t h r u s t e r s  and power processors  have been f a b r i c a t e d ,  acceptance t e s t e d ,  and assemble i n t o  a prepro to type  
e l e c t r i c  propuls ion  system i n  p repa ra t i on  f o r  func t iona l ,  thermal vacuum, v i b r a t i o n ,  and o t h e r  eva lua t ions .  
Endurance t e s t s  t o  e s t a b l i s h  a t h r u s t e r  o p e r a t i o n a l  l i f e  c a p a b i l i t y  i n  excess  of 15,000 hours  have been 
i n i t i a t e d  . 

BASIS OF 1981 ESTIMATE: 

Photovol ta ic  r e sea rch  and technology w i l l  con t inue  e f f o r t s  which improve conversion e f f i c i e n c y ,  reduce mass, 
reduce c o s t  and inc rease  ope ra t i ng  l i f e  of  pho tovo l t a i c  conve r t e r s  and a r r a y s .  
a t t e n t i o n  w i l l  be focused on demonstrat ing t h e  f e a s i b i l i t y  of  an  18% s i l i c o n  c e l l  and eva lua t ing  t h i n  c e l l  
approaches f o r  ga l l ium a r sen ide .  Work w i l l  cont inue on understanding r a d i a t i o n  damage and thermal annea l ing  

. i n  o rde r  t o  i n c r e a s e  ope ra t i ng  l i f e .  Blanket and concen t r a to r  technology w i l l  cont inue f o r  high concen t r a t i on  
r a t i o  a r r a y s  f o r  h igh  power-to-weight r a t i o s .  A l t e r n a t e  pho tovo l t a i c  approaches such a s  thermophotovol taic  
and spec t ropho tovo l t a i c  technology w i l l  be eva lua ted ,  and emphasis on t h i n  s u b s t r a t e s ,  covers  and encapsulan ts  
w i l l  con t inue  f o r  both l i gh twe igh t  and low c o s t  technology. 

I n  t he  a r ea  of c e l l s ,  

In t h e  a r ea  of advanced e n e r g e t i c s ,  assessments  w i l l  cont inue on advanced concepts  f o r  space energy genera- 
t i o n ,  conversion,  s t o r age  and d i s t r i b u t i o n  and development of key technologies  required t o  determine t h e i r  
f e a s i b i l i t y .  Work w i l l  cont inue on i n v e s t i g a t i o n s  of  d i r e c t  conversion of  f i s s i o n  and s o l a r  energy i n t o  
l a s e r  r a d i a t i o n ,  on novel means t o  convert  s o l a r  and l a s e r  r a d i a t i o n  e f f i c i e n t l y  t o  e l e c t r i c i t y ,  on photo- 
chemical c e l l  technology and on l a s e r  welding and annea l ing  o f  s o l a r  c e l l s .  

I n  e l e c t r i c  propuls ion ,  the  performance o f  mercury i o n  t h r u s t e r s  w i l l  be extended t o  h ighe r  power and 
t h r u s t  d e n s i t y ,  and the  range of  u s e f u l  s p e c i f i c  impulse w i l l  be broadened. A t h e o r e t i c a l  and experimental 
s tudy of  i o n  s p u t t e r i n g  and i t s  e f f e c t s  on i o n  t h r u s t e r s  w i l l  be completed. An eva lua t ion  of  magneto- 
plasmadynamic t h r u s t e r  performance and i n t e r n a l  e ro s ion  c h a r a c t e r i s t i c s  w i l l  be completed, and the  f e a s i -  
b i l i t y  of  i n e r t  gas  (argon and xenon) t h r u s t e r s  w i l l  be examined. 

I n  power management, work toward advanced components such a s  t r a n s i s t o r s ,  i nduc to r s  and power t r a n s f e r  devices  
w i l l  con t inue  and the  des ign  of  a s o l a r  t he rmoe lec t r i c  genera tor  w i l l  be completed. The spacec ra f t  charg ing  
a c t i v i t i e s  w i l l  be  completed, and a coopera t ive  e f f o r t  wi th  t he  A i r  Force on high vo l t age  space plasma 
i n t e r a c t i o n s  w i l l  be i n i t i a t e d .  

I n  t h e r m a l - t o - e l e c t r i c  energy conversion,  the  demonstrat ion of  improved energy conversion e f f i c i e n c i e s  i n  
thermionic d iodes  and i n  the rmoe lec t r i c  m a t e r i a l s  w i l l  cont inue ,  and a pre l iminary  e v a l u a t i o n  of  a l t e r n a t i v e  
conversion technologies  f o r  nuc lear  e l e c t r i c  propuls ion  a p p l i c a t i o n s  w i l l  be made. 



Research aimed at understanding fundamental life-limiting mechanism in nickel-cadmium space batteries will be 
intensified, leading to the development of improved processing specifications. Development of the technology 
for high capacity energy storage required for future high power missions will continue, with emphasis on fuel 
cell electrolyzers and high capacity battery cells. In addition, work on very high energy-density storage 
systems, based on lithium and sodium, will also continue. 

1980 1981 
1979 Budget Current Bud get 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Multidisciplinary Research and Technology ...............,.. 2,000 2,700 2,700 2 , 900 

OBJECTIVES AND STATUS: 

The objective of the Multidisciplinary Research and Technology effort is to conduct novel, long-range, 
high-risk basic research investigations in engineering and physical sciences related to space. This research 
is conducted principally at universities through the Fund for Independent Research and the Physics and 
Chemistry Experiments in Space (PACE) program. The Fund for Independent Research is supporting basic 
research on many topics of fundamental importance, such as materials properties at high pressures, development 
of a free-electron laser, energy storage by spin-aligned (triplet) hydrogen, precision cryogenic maser 
capable of testing the general theory of relativity, molecular binding between materials and ceramics, TV 
real-time imagery, crosslinking on polymeric membranes, optical constants of transition metals, and nonlinear 
interactions in superfluid dynamics. The PACE program supports basic studies leading toward the develop- 
ment of experiments that need the unique characteristics of the space environment to make fundamental new 
discoveries about materials properties and processes. Some of the work supported includes immiscible liquid 
drops, mass transfer, surface driven convection, concentric rotating drops, granular soil behavior, superfluid 
helium lambda point measurement, and combustion. 

BASIS OF FY 1981 ESTIMATE: 

The research supported under this activity provides the opportunity to study innovative ideas that underlie 
and cut across the established disciplinary structure, and thus contribute to long-term growth in space 
technology. 
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1980 1981 
1979 Budget Cur r e n t  Budget 

Actual  Estimate Estimate Estimate 
(Thousands of Dol l a r s )  

Informat ion Systems Research and Technology ....,........,. 16,308 20,600 20,600 22,600 

OBJECTIVES AND STATUS: 

The o b j e c t i v e s  o f  t h e  Informat ion Systems Research and Technology program a r e  t o  provide advanced sensor  
and ins t rumenta t ion  systems t h a t  w i l l  improve the  da ta  a c q u i s i t i o n  c a p a b i l i t i e s  of  f u t u r e  space a p p l i c a t i o n  
and sc ience  miss ions  and t o  provide process ing,  r educ t ion ,  and d i s t r i b u t i o n  systems t o  conver t  t h a t  d a t a  f o r  
e f f e c t i v e  and t imely  u s e r  in fo rmat ion  exchange. Sol id  s t a t e  foca l - p lane  a r r a y  technology i s  being developed 
t o  improve the  i n f r a r e d  obse rva t iona l  c a p a b i l i t i e s  of remote sens ing  systems.  Lasers  and e l e c t r o - o p t i c a l  
systems a r e  beFng developed f o r  a c q u i r i n g  s p e c i f i c  d a t a  r e l a t e d  t o  t e r r e s t r i a l  and atmospheric p r o p e r t i e s .  
Both pass ive  and a c t i v e  microwave systems a r e  being developed f o r  a near  a l l - w e a t h e r ,  24-hour p e r  day remote 
sens ing c a p a b i l i t y .  Instrument p o i n t i n g  re sea rch  aims a t  new concepts and components t o  provide accura te  
p o i n t i n g  and onboard v ideo landmark t r a c k i n g  c a p a b i l i t y .  Cooling systems technology i s  being advanced i n  
t h e  a r e a  o f  u l t r a  low temperature r e f r i g e r a t i o n  systems f o r  coo l ing  o f  sensors ,  and experiments i n  space. 

Design and t e s t i n g  o f  a cold f i e l d  emission cathode power a m p l i f i e r  f o r  space communications systems has  
r e s u l t e d  i n  a new a m p l i f i e r  system wi th  increased power c a p a c i t y  and v i r t u a l l y  unl imi ted  l i f e .  

The f i r s t  charge-coupled device  (CCD) l i n e a r  imaging a r r a y  c a p a b i l i t y  i n  t h e  long wavelength i n f r a r e d  reg ion  
has  been developed and t e s t e d .  A submil l imeter  wavelength radiometer was developed and f l i g h t  tes ted t o  
provide  near  a l l - w e a t h e r ,  24-hour-per-day sens ing c a p a b i l i t y  t o  measure upper atmospheric water  vapor.  

The second phase of  t h e  NASA End-to-End Data System (NEEDS) program was i n i t i a t e d  dur ing  FY 1979. The 
c u r r e n t  NEEDS program emphasizes technologies  o f  sens ing through a r c h i v i n g  and focuses  on r e a l - t i m e  d a t a  
management. Data 
from each sensor  a r e  separa ted  i n t o  complete, s e l f - con ta ined  " data  packets" ,  Each packet  inc ludes  sensor  
i d e n t i f i c a t i o n  and a u x i l i a r y  d a t a ,  such a s  time of obse rva t ion ,  l o c a t i o n  and spacec ra f t  a t t i t u d e .  These 
autonomous, c o r r e l a t e d  records  a r e  developed onboard the  s p a c e c r a f t  i n s t e a d  of by the  c u r r e n t  method of 
a f t e r  - t h e  - f a c t  genera t ion  a t ground p rocess ing  fa  c i  li t i e s  . 

During t h e  p a s t  year  an  improved method o f  handl ing space-derived data  was developed. 

BASIS OF FY 1981 ESTIMATE: 

I n  FY 1981, i n  t h e  a r e a  of  advanced sensors  and ins t rumenta t ion  systems, l i n e a r  and a rea  a r r a y  foca l - p lane  
systems w i l l  be developed cover ing t h e  s p e c t r a l  range from 1 t o  120p-mete r s .  Laser ranging systems, l a s e r  
heterodyne r e c e i v e r s ,  and a c t i v e  l a s e r  u l t r a v i o l e t  and v i s i b l e  l i d a r s  w i l l  be developed f o r  c r u s t a l  motion 
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measurements and d e t e c t i o n  o f  atmospheric c o n s t i t u e n t s  
and s y n t h e t i c  a p e r t u r e  r ada r  systems w i l l  be developed 
t e r r e s t r i a l  p r o p e r t i e s  o f  t h e  Ear th  and o t h e r  p l a n e t s .  
be t e s t e d  t o  demonstrate p o i n t i n g  accuracy of 0 .01 a r c  
(-1 year )  mechanical coo le r  w i l l  be demonstrated.  

and pol  l u  t a n  t s . 
f o r  i n v e s t i g a t i n g  oceanographic , s t r a t o s p h e r i c ,  and 
The Annular Suspension and Point ing  System (ASPS) w i l l  

seconds. Laboratory p ro to types  f o r  a 5-Watt, l o n g - l i f e  

M i  11 ime t e r  -wave , submi 1 lime t e r  -wave , 

Data systems concepts w i l l  be modeled and evaluated  t o  provide improved end-to-end da ta  systems e f f i c i e n c y  
and e f f e c t i v e n e s s .  During FY 1981 a d i s t r i b u t e d  microprocessor based da ta  system w i l l  be f a b r i c a t e d  and 
t e s t e d .  An advanced onboard da ta  processor  concept w i l l  be evaluated  t o  provide r e a l - t i m e  m u l t i s p e c t r a l  
d a t a  c l a s s i f i c a t i o n .  High speed d a t a  t r a n s f e r  technology i s  focused on providing the  technology and tech-  
n iques  t o  enable  high r a t e  t r a n s f e r  and d i s t r i b u t i o n  o f  da ta  from f u t u r e  NASA missions.  During FY 1981, an 
x-band transponder w i l l  be developed t o  meet t h e  communications requirements of the  I n t e r n a t i o n a l  So la r  Polar  
s p a c e c r a f t .  I n  the  NEEDS program dur ing  FY 1981, a prototype  o p t i c a l  a r c h i v a l  mass memory system wi th  s to rage  
capac i ty  o f  1013 b i t s  w i l l  be f a b r i c a t e d  and t e s t e d .  
system w i l l  be  completed i n  FY 1981. 

The des ign  and f a b r i c a t i o n  of a da ta  base  management 

1980 1981 
1979 Budget Current  Budget 

Actual  Estimate Estimate Estimate 
(Thousands of  D o l l a r s )  

Spacec ra f t  Systems Research and Technology .........,..... 5,495 7 , 250 7 , 250 8,700 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of  t h i s  program i s  t o  develop and demonstrate sys tem- level  technologies  required  by s p a c e c r a f t  
f o r  c u r r e n t  and f u t u r e  space miss ions ,  The program extends t h e  accomplishments of  the  r e sea rch  and technology 
programs i n  t h e  fundamental d i s c i p l i n e  a r e a s  t o  i n t e g r a t e d  a c t i v i t i e s  such t h a t  t h e  t r a n s f e r  of  a complete 
c a p a b i l i t y  i s  poss ib le ;  r e sea rch  and technology a c t i v i t i e s  a r e  conducted i n  a r e a s  where a m u l t i d i s c i p l i n a r y  
approach i s  e s s e n t i a l  t o  o b j e c t i v e  accomplishment. These a c t i v i t i e s  sha re  t h e  common goal  o f  even tua l  
t r a n s f e r  and use  o f  t h e  technology i n  NASA developed s p a c e c r a f t .  This  r e q u i r e s  e s t ab l i shment  of t e c h n i c a l  
f e a s i b i l i t y  and accep tab le  l e v e l s  of  r i s k  and c o s t .  

The Large Space Systems Technology program i s  the  p r i n c i p a l  element i n  t h e  Spacecraf t  Systems Research and 
Technology a r e a .  The program has  t h r e e  major p a r t s .  The antenna a c t i v i t y  has  t h e  o b j e c t i v e  of  developing 
t h e  technology f o r  low-mass s t r u c t u r e s  which deploy i n t o  300-meter shaped s u r f a c e s .  The des ign  o f  two 
concepts  w i l l  be completed i n  FY 1980 and t h e  f a b r i c a t i o n  of c r i t i c a l  t e s t  components i n i t i a t e d .  Severa l  
s u r f a c e  c o n t r o l  concepts a r e  being s tud ied  and t e s t  hardware i s  being f a b r i c a t e d .  The p la t fo rm a c t i v i t y  
seeks  t o  develop the  fundamental d a t a  and a n a l y s i s  techniques  required  f o r  l a r g e  space systems. The des ign  
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of c r i t i c a l  deployable p l a t fo rm elements w i l l  be completed and the  f a b r i c a t i o n  of t e s t  a r t i c l e s  i s  be ing  
i n i t i a t e d ;  t he  d e t a i l e d  des ign  of  a p la t form assembly device  w i l l  be completed, and assembly scena r io s  f o r  
l a r g e  p la t forms  a r e  under development. Support a c t i v i t i e s  include:  t h e  development of  a n  i n t e r a c t i v e  
a n a l y s i s  and des ign  c a p a b i l i t y  which permi ts  s t r u c t u r e s ,  c o n t r o l ,  and thermal d i s c i p l i n e s  t o  be considered 
s imultaneously;  t he  a c t i v i t i e s  necessary  t o  develop and t e s t  concepts  f o r  t he  c o n t r o l  of the p o s i t i o n ,  
a t t i t u d e ,  and shape of  t he  antenna and platform; and the  p rov i s ion  and t e s t  of m a t e r i a l s  f o r  bo th  t he  antenna 
and p la t form concepts .  

The space- s to rab l e ,  f l uo r ine- hydraz ine  propuls ion  system i s  under development t o  provide t h e  l o n g - l i f e ,  
high performance system requ i r ed  by planned p l ane t a ry  missions.  
by a system- level  space simulated t e s t  i n  1982, 

Technology readiness  w i l l  be demonstrated 

Ground t es t s  of t he  8-cm i o n  a u x i l i a r y  propuls ion  system hardware ( t o  be flown on a USAF f r e e - f l y i n g  
spacec ra f t )  a r e  being conducted t o  e s t a b l i s h  ope ra t i ng  l i m i t a t i o n s ,  develop the f l i g h t  o p e r a t i o n  t e s t  plan 
and provide a da ta  base  f o r  a n a l y s i s  of  t he  f l i g h t  d a t a ,  

The concept of  u t i l i t y - t y p e  d i s t r i b u t i o n  and management of e l e c t r i c a l  and thermal energy i s  being s tud ied  
a t  an  i n t e g r a t e d  system l e v e l .  The e f f o r t  b u i l d s  on the  d i s c i p l i n e  r e sea rch  and technology a c t i v i t i e s  i n  
power gene ra t i on  and s to rage  and w i l l  seek t o  develop a system i n  t he  100-kW region.  

BASIS OF FY 1981 ESTIMATE: 

I n  t h e  l a r g e  space systems technology program, deployment and shape c o n t r o l  t e s t s  w i l l  be conducted on 
se l ec t ed  antenna des igns  us ing  subsca le  models and l a r g e  s c a l e  c r i t i c a l  components. These t e s t s  w i l l  
provide da t a  on the  u l t i m a t e  performance of the  f u l l - s c a l e  systems. I n  t he  p la t form a r e a ,  t e s t s  of c r i t i c a l  
deployable p la t form components w i l l  be conducted and the  f a b r i c a t i o n  of f u l l - s c a l e  deployable modules w i l l  be 
i n i t i a t e d .  These modules w i l l  be used f o r  subsequent system t e s t s .  A model of a p la t form assembly device  
w i l l  be f ab r i ca t ed  and a t e s t  program conducted. I n  t he  support  a r e a s ,  a t t i t u d e -  and shape- cont ro l  concepts  
w i l l  be def ined and the  development of  s imula t ion  models w i l l  be i n i t i a t e d .  I n  the m a t e r i a l  support  a r e a ,  
vacuum and thermal cyc l ing  t e s t s  o f  candida te  composite m a t e r i a l s  w i l l  be conducted. 

For t he  f luor ine- hydraz ine  propuls ion  system, t he  t h r u s t  chamber and subsystem components t o  be used f o r  
t h e  system l e v e l  t e s t  i n  1982 w i l l  be de l ive red .  Assembly of t he  t e s t  hardware w i l l  be i n i t i a t e d .  

The f l i g h t  ope ra t i on  t es t  s cena r io s  f o r  t he  launch of t he  i o n  a u x i l i a r y  propuls ion  system w i l l  be completed. 

The u t i l i t y  d i s t r i b u t i o n  and management program p l an  w i l l  be developed. Emphasis w i l l  be on i n t e g r a t i n g  
t h e  r e s u l t s  o f  t he  d i s c i p l i n e  r e sea rch  and technology programs i n t o  a system- level  c a p a b i l i t y .  The r e s u l t s  
of t h e  N 1980 thermal management s tudy  w i l l  be used t o  d e f i n e  subsequent research .  
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1980 1981 
Budget Budget Current 1979 

Actual Estimate Estimate Estimate 
(Thousand s of Dollars) 

Transportation Systems Research and Technology ........... 7,074 9 ,750 10,235 8,200 

OBJECTIVES AND STATUS: 

The objectives of this program are: to provide the data base reauired for design and development of advanced 
aerospace vehicles; to provide the technology necessary for selected improvements in the current Space 
Transportation System (STS); and to support as required the on-going development of the STS. These objectives 
are accomplished through testing in ground-based facilities and through in-flight research and technology 
demonstration using the current Orbiter as an entry research vehicle. 

During FY 1980,  aerodynamic tests in ground-based facilities in support of the baseline STS will be com- 
pleted and tests of modified configurations are being initiated. These include an STS augmented with solid 
strap-on motors and configuration changes necessitated by the addition of instrumentation developed by this 
program. 

In FY 1980,  final preparations will be completed for the first in-flight research using the Orbiter vehicle. 
This includes the completion of the instrument development effort and the integration of the instruments into 
Orbiter 102.  A flight data bank is being established so that the data acquired during the early Shuttle 
flights will be available for future research and technology efforts. Data from both the standard and special 
instrumentation will be included, Instrumentation developed in this program will be carried on all the early 
Shuttle missions. 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The increase of $485 thousand reflects a realignment of effort and associated funding from the Spacecraft 
Systems Technology program element. 
the use of the Shuttle and Spacelab for technology experiments to determine how to most efficiently use a 
lower level of funding. It was decided that it would be most appropriate to accelerate experiments which 
will provide technological information concerning the operations of the Space Transportation System. 

This action followed an extensive review of the program plans involving 

BASIS O F  FY 1981 ESTIMATE: 

During FY 1981,  ground facilities will be used to conduct aerodynamic tests of modifications to the basic 
Orbiter configuration. Included are changes which increase the performance or capabilities of the current 
STS, and changes necessary to accommodate instrumentation developed in this program. In addition, tests to 
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i n v e s t i g a t e  s p e c i f i c  a r e a s  i n  support  of t he  f i r s t  Orb i t e r  f l i g h t s  w i l l  be conducted. Such t e s t s  w i l l  i n v e s t i -  
g a t e  s p e c i f i c  problems, i n c r e a s e  o p e r a t i n g  margins,  and explore  new o p e r a t i o n  scena r io s .  

Three i n s t rumen ta t i on  package experiments w i l l  provide the  b a s i c  aerodynamic da ta  necessary  f o r  t he  Orb i t e r  
t o  be used a s  a r e sea rch  veh ic l e .  The aerodynamic c o e f f i c i e n t  package, which was i n t e g r a t e d  i n t o  Orb i t e r  
102 f o r  OFT-], w i l l  p rovide  da ta  du r ing  e a r l y  Orb i t e r  f l i g h t s ,  Both t h e  low and high a l t i t u d e  r e sea rch  a i r  
da t a  systems w i l l  undergo f i n a l  system t e s t s  and be de l ive red  f o r  i n t e g r a t i o n  i n t o  Orb i t e r  102. The f i r s t  
f l i g h t  of t he se  packages w i l l  occur  i n  l a t e  FY 1982. 

Two in s t rumen ta t i on  package experiments w i l l  examine aerodynamic hea t ing  u n c e r t a i n t i e s  and thus  t he  r e q u i r e -  
ments of  t h e  thermal p r o t e c t i o n  system and ope ra t i ng  l i m i t a t i o n  . The windward in s t rumen ta t i on  package which 
i s  mounted i n  t h e  C-141 Kuiper A i r c r a f t  Laboratory w i l l  be  used dur ing  e a r l y  Orb i t e r  f l i g h t s .  The l e e s i d e  
i n s t rumen ta t i on  package w i l l  undergo f i n a l  system t e s t s  and w i l  then  be i n t e g r a t e d  i n t o  t he  t a i l  pod on 
Orb i t e r  102. The f i r s t  f l i g h t  w i l l  occur i n  l a t e  1982. 

Two experiments t o  examine the  c h a r a c t e r i s t i c s  of the  c u r r e n t  thermal p r o t e c t i o n  system w i l l  be conducted on 
OFT-2 and w i l l  be used t o  o b t a i n  a d d i t i o n a l  da t a  on subsequent e a r l y  O r b i t e r  f l i g h t s .  The experiments w i l l  
be  se rv iced  between f l i g h t s  and the  da t a  w i l l  be analyzed.  

The f i r s t  i n s t rumen ta t i on  package t o  measure t he  dynamic, a c o u s t i c ,  and thermal environment i n  t he  Orb i t e r  
cargo bay w i l l  be de l ive red  f o r  i n t e g r a t i o n .  F l i g h t  o f  t h i s  f i r s t  i n  a s e r i e s  of phase 1 packages w i l l  occur 
on an  e a r l y  OFT f l i g h t .  The second phase 1 package w i l l  be i n  f a b r i c a t i o n  and t e s t  i n  p r e p a r a t i o n  f o r  a FY 1982 
d e l i v e r y .  

Addi t iona l  research  a r e a s  i d e n t i f i e d  a s  candida te  o r b i t e r  experiments i n  FY 1980 w i l l  be i nves t i ga t ed  i n  
FY 1981. This  w i l l  i nc lude  t e c h n i c a l  j u s t i f i c a t i o n  and d e f i n i t i o n  of  t he  experiments a s  w e l l  a s  f e a s i b i l i t y  
s t u d i e s  t o  determine t h e  c o m p a t i b i l i t y  of  the  i n s t rumen ta t i on  packages wi th  the Orb i t e r .  

A l l  t he  d a t a  obtained by the  b a s i c  O r b i t e r  f l i g h t  ins t rumenta t ion ,  t h e  OFT development f l i g h t  ins t rumenta-  
t i o n ,  and the  s p e c i a l  i n s t rumen ta t i on  developed i n  t h i s  program w i l l  con t inue  t o  be cataloged and f i l e d  f o r  
r e sea rch  purposes.  This  da ta  base w i l l  be used t o  support  r e sea rch  a c t i v i t i e s  which d e a l  wi th  gene r i c  
v e h i c l e  technology o r  s p e c i f i c  STS problems. 
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BASIS OF FUND REQUIREMENTS: 

SYSTEMS TECHNOLOGY PROGRAMS 

Space system s t u d i e s .  .................................. 
Informat ion systems technology ......................... 
Spacec ra f t  systems technology .......................... 

Tota l  ................................................ 

1979 
Actual  

2,000 
- - -  

10,023 

12.023 

Space System S tud ies  ................................... 2,000 

OBJECTIVES AND STATUS : 

19 80 
Budget Current  
Estimate Estimate 

(Dol l a r s  i n  Thousands) 

2,200 2,200 
2,600 2,600 
9,300 6,215 

14.100 

2,200 

11.015 

2,200 

1981 

Estimate 
Budge t Pa ge 

2,200 RD 10-17 
5,100 RD 10-18 
2,400 RD 10-19 

9.700 

2,200 

The o b j e c t i v e s  o f  Space Systems S tud ies  a r e  t o  i d e n t i f y  and e v a l u a t e  t h e  technology requirements o f  advanced 
system cand ida tes ;  t o  i n v e s t i g a t e  f u t u r e  space mission a l t e r n a t i v e s ;  t o  a s s e s s  the  e f f e c t s  of  technology 
advances; and t o  provide  a da ta  base  t o  suppor t  technology program s e l e c t i o n  and program planning.  S tud ies  
w i l l  cont inue  t o  examine t h e  development of  f u t u r e  program technology needs,  t o  determine the  subsequent 
d e t a i l e d  technology requirements,  and t o  cons ide r  a l t e r n a t i v e  s o l u t i o n s  f o r  s a t i s f y i n g  needs and requirements.  

During FY 1980, s t u d i e s  were r e d i r e c t e d  towards the  i d e n t i f i c a t i o n  o f  needs and o p p o r t u n i t i e s  f o r  p lanning 
t h e  technology programs o f  s p a c e c r a f t ,  informat ion,  and t r a n s p o r t a t i o n  systems and f o r  genera t ing  an  expanded 
and v a l i d a t e d  Space Systems Technology Model. 

BASIS OF EY 1981 ESTIMATE: 

The FY 1981 e f f o r t s  w i l l  cont inue  t o  s tudy t h e  technology f o r  s p a c e c r a f t ,  informat ion,  and t r a n s p o r t a t i o n  
systems. Analyses w i l l  be conducted t o  ca ta logue and rank a v a i l a b l e ,  planned, and f o r e c a s t  technology from 
sources  w i t h i n  and o u t s i d e  NASA. Continuing s t u d i e s  w i l l  rank technology o p t i o n s  and develop s t r a t e g i e s  
f o r  t h e  a t t a inment  of  long- range goa l s  through a p p l i c a t i o n  t o  near- term miss ions .  Spec ia l  s tudy emphasis w i l l  
be g iven t o  key technology i s s u e s ,  such a s  automation,  l a r g e  space s t r u c t u r e s ,  s p a c e c r a f t  suppor t  s e r v i c e s ,  
r eusab le  propuls ion,  end-to-end da ta  management, and l a r g e  power sources .  
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The Space Systems Technology Model will also continue to provide the basis for the forecast of mission 
requirements and of capabilities in technology disciplines. 

1980 1981 
1979 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Information Systems Technology ........................... 2 , 600 2 , 600 5,100 

OBJECTIVES AND STATUS: 

The objective of this effort is to integrate advanced electronic devices or system concepts developed in the 
Research and Technology Base with supporting technology to demonstrate and validate improved performance, 
increased reliability and reduced costs of space information systems. 

In FY 3980, the Satellite Communications Technology program was initiated. The purpose of this activity 
is to provide, through research, design and experimental tests, the components and enabling technology 
needed to open new frequency bands and to support NASA satellite communications systems developments. 
Current focus is on the critical components, techniques, and subsystems which are required for the complete 
communications system, such as high power, efficient transmitters, beam-shaping antennas, frequency reuse 
conservation techniaues, multiple spot beams, on-board message switching, high frequency devices at LOW 
cost, bandwidth-compression conservation techniques, low cost Earth terminals and intersatellite links. In 
FY 1980, work began on the basic research, advanced development, technology investigations, analyses, and 
experiments in high risk critical technology areas to determine viable concepts and approaches. 

BASIS OF FY 1981 ESTIMATES: 

Research and technology effor t in the Satellite Communications Technology program will continue on 
solid state power amplifiers suitable for single or multidevice power amplifier circuits; advanced transponder 
concepts which incorporate multiplexers, filters, driver amplifiers, modulators, and demodulators; new 
tube amplifier fast wave devices for shorter wavelength and higher power applications; and new power 
processor devices for efficient energy transfer. 

In FY 1981, system parameters will be established, and design specifications for the critical, high risk 
components, techniques and subsystems needed for satellite communications and distribution technologies for 
future NASA missions in the 1987-2000 timeframe will be developed. During FY 1981, work on multibeam antenna 
feeds and on-board switching systems will be initiated. Fabrication and tests will be completed on an experi- 
mental 20 gigahertz (GH,) traveling wave tube. Work will begin on power-combining techniques and the fabrica- 
tion and test of matrix switches. 
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19 80 1981 
1979 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

............................ 9 , 300 6,215 2 , 400 Spacecraft Systems Technology 10 , 023 
Space Transportation System Operations ................... (---) (4,800) (3,500) (8,900) 

OBJECTIVES AND STATUS: 

The objective of this effort .is to provide the capability to extend research and technology programs into 
the environment of space using the Space Shuttle, the Spacelab, and free-flying vehicles. Research and tech- 
nology programs are so extended when the unique space environment is essential to the progress of the effort, 
when an in-space test is cost-effective, or when an in-space verification will accelerate the utilization of 
advanced technology. This effort provides an effective means to demonstrate technology readiness so that 
the advanced technology capability can be used for important space missions at an acceptable cost and risk. 

The activity includes the development, integration, and flight operations of experiments to be conducted 
in the Spacelab, the development of the Long Duration Exposure Facility (LDEF), the development and inte- 
gation of experiments for the first LDEF mission, and completion of a flight of an ion auxiliary propulsion 
system on a free-flying Air Force satellite. 

The Spacelab experiments remaining in the program are assigned to early Spacelab missions. They are all 
being completed on schedules compatible with the integration requirements of their assigned missions. 

The LDEF is complete and in storage. The experiments are in various stages of development, and fabrication, 
and some experiments have been placed in storage. Integration of the experiments with LDEF and the LDEF with the 
Shuttle are continuing. 

The 8-cm ion auxiliary engine flight demonstration on the USAF P80-1 spacecraft will provide the in-space 
demonstration of technology readiness. 

CHANGES FROM FY 1980 ESTIMATE: 

The decrease of $3,085 thousand reflects three unrelated changes. The first was a reallocation of $485 
thousand to the Transportation Systems Research and Technology program. This action followed an extensive 
review of the program plans involving the use of the Shuttle and Spacelab for technology experiments to 
determine how to most efficiently use a lower level of funding. It was decided to accelerate experiments 
which will provide technological information concerning the operations of the Space Transportation System. 
The second change reflects a portion of the Congressional aPProPriatiOn reduction from the NASA Research and 
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Develspment request. 
1iqe  item for a necessary study of the Shuttle verification/validation program. The budgetary impact on 
this program is minimal due to the slippage of the Shuttle launch schedule. 

The third change provided an additional $2 million to the Standard and Practices 

BASIS OF FY 1981 ESTIMATE: 

In FY 1981, the Spacelab experiments assigned to missions will all be completed and, in most cases, delivered 
to integration sites. These experiments will either be integrated into flight packages or placed into storage 
to await future integration and flight. 

Development will continue on unfinished LDEF experiments and, by the end of FY 1981, nearly all experiment 
development will be completed. In anticipation of the 1982 launch date, the LDEF will be removed from 
storage and prepared for shipping. Experiments will be retested an$ further prepared for integration; 
flight batteries and other life-limited components will be procured. 

Flight hardware for the experimental test of the 8-cm ion engine auxiliary propulsion system will be 
delivered to the U.S. Air Force in FY 1980 in preparation for integration with the USAF P80-1 spacecraft. 

BASIS OF FY 1981 FUNDING REQUIREMENTS: 

STANDARDS AND PRACTICES 

1980 1981 
1979 Budget Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Standards and practices.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9,000 3,000 5 , 000 2,100 

OBJECTIVES AND STATUS: 

The objectives of this activity are to improve overall NASA program practices, serve as a technical 
review resource within the Agency and reduce the costs of NASA projects by encouraging the use of space- 
q,ualified eouipment on multiple missions. Those objectives are accomplished through independent reviews 
of NASA programs, support to design effort, participation in flight readiness reviews, setting up of 
special task activities when critical problems occur, and by participation in interagency activities to 
insure adequate communications on special activities or problem areas. 

All standard equipment developed under the Standards and Practices program will be completed in FY 1980. 
Eighteen regular standard equipment items have been qualified for use by NASA programs, six are in process Of 
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q u a l i f i c a t i o n , ,  and a commercial source i s  being s o l i c i t e d  f o r  one propuls ion  item. Four ground support  
equipment i tems a r e  i n  t h e  inventory  f o r  use by NASA programs, two o t h e r  i tems have been f a b r i c a t e d ,  and 
one i s  c u r r e n t l y  being f a b r i c a t e d .  

A review of  t he  s tandard equipment program determined t h a t  t he  c o s t  sav ings  were marginal  because of a 
cons iderab ly  lower r a t e  of  u t i l i z a t i o n  of t h e  equipment and more r ap id  changes i n  technology than  o r i g i n a l l y  
planned. A s  a r e s u l t ,  i t  was decided t o  phase ou t  t h e  s tandard equipment development program. 

However, t o  i n s u r e  t h a t  maximum advantage i s  taken of  the  p r e s e n t l y  f l i g h t - q u a l i f i e d  equipment and of  
o t h e r  hardware t h a t  i s  a v a i l a b l e  w i t h i n  NASA and throughout the  aerospace i ndus t ry ,  a computer-based da ta  
bank i s  being developed which w i l l  l i s t  s tandard  and a v a i l a b l e  f l i g h t - q u a l i f i e d  equipment. A p i l o t  
program i s  beFng conducted i n  FY 1980 t o  encourage use r s  t o  cons ider  t he se  items before  beginning independent 
des igns .  

Within the  program p r a c t i c e s  a c t i v i t i e s ,  a u d i t  r e s u l t s  of r e l i a b i l i t y ,  q u a l i t y  assurance ,  s tandard 
components, s a f e t y  and environmental h e a l t h  programs a r e  be ing  compiled. This w i l l  e s t a b l i s h  a s t o r e  
of in format ion  on t r ends  which i n d i c a t e  undes i r ab l e  p r a c t i c e s  and which w i l l  provide gu ide l ines  f o r  
improving program and p r o j e c t  management. These e f f o r t s  w i l l  cont inue t o  enable  the  o f f i c e  t o  monitor 
t he  t e c h n i c a l  and programmatic execut ion  of NASA programs and t o  take  e a r l y  c o r r e c t i v e  a c t i o n s  when ind i ca t ed .  

A r ecen t  s p e c i a l  assignment,  being d i r e c t e d  by the  Chief Engineer,  i s  an  independent review by a s en io r  
t e chn ica l  group from o u t s i d e  the  S h u t t l e  program of  the  f l i g h t  r ead ines s  c e r t i f i c a t i o n  program f o r  the  f i r s t  
Space T ranspo r t a t i on  System f l i g h t  (STS-1). 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The i n c r e a s e  i n  funding f o r  FY 1980 w i l l  provide the  a d d i t i o n a l  resources  needed t o  conduct t he  indepen- 
den t  review and assessment of t h e  adequacy of t he  f i r s t  Space T ranspo r t a t i on  System f l i g h t  (STS-1) 
Veri f i c a  t ion/Cer t i f i c a  t i o n  Program. 

This  assessment has  been d iv ided  i n t o  13 main a r eas :  

o Propulsion 
o In t eg ra t ed  Vehicle Loads 
o O r b i t e r  Loads 
o Aero and Thermal Analys i s  
o Thermal P ro t ec t i on  Systems 
o F l i g h t  Control Hydraul ics  System and Associated E lec t ron i c s  
o Launch and Ascent Guidance, Navigat ion and Control  
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o Entry and Landing Guidance, Navigat ion and Control  
o Landing/Decelerat ion System and Miscellaneous C r i t i c a l  Mechanisms 
o Environmental Control  and L i f e  Support System (ECLSS) and Crew Equipment 
o Separa t ion  Systems 
o E l e c t r i c a l  Power D i s t r i b u t i o n  and Control  (EPD&C) 
o Ground Systems 

A " cognizant  engineer" has  been assigned r e s p o n s i b i l i t y  f o r  each of t he  a r e a s .  Support w i l l  be provided 
by t e c h n i c a l  expe r t s  from w i t h i n  and o u t s i d e  NASA, and through c o n t r a c t s  wi th  o rgan iza t i ons  f a m i l i a r  wi th  
t he  t e c h n i c a l  a r e a s  under review. 
Program f o r  STS-1  i s  expected t o  be completed i n  mid-1980. Reviews of s p e c i f i c  a r e a s  o f  concern w i l l  then  be 
keyed t o  t he  S h u t t l e  launch schedule.  

A pre l iminary  a n a l y s i s  of  the  adequacy of t he  Verification/Certification 

BASIS OF FY 1981 ESTIMATE: 

The FY 1981 program s h i f t s  emphasis from development of s tandard equipment t o  encouraging g r e a t e r  u t i l i -  
z a t i o n  of  a l r eady  f l i g h t - q u a l i f i e d  equipment. Continued e f f o r t s  t o  improve program p r a c t i c e s  throughout the  
Agency and increased  emphasis on e f f o r t s  t o  eva lua t e  and p r e d i c t  product  q u a l i t y ,  r e l i a b i l i t y  and performance 
i n  expected r a d i a t i o n  environments and mission l i f e  of spacec ra f t  components and systems a r e  a l s o  included.  

I n  a d d i t i o n ,  systems l e v e l  hardware and sof tware  product assurance  reviews and ana lyses  a r e  added due t o  
t h e  i n c r e a s i n g  complexity of  spacec ra f t  components and systems. 
e f f o r t s  w i l l  be undertaken t o  bu i ld  confidence i n  s p e c i a l  systems con f igu ra t i ons ,  such a s  very  l a r g e - s c a l e  
i n t e g r a t e d  c i r c u i t s  which p re sen t  unique problems a s soc i a t ed  wi th  t e s t i n g  and q u a l i f i c a t i o n  f o r  space use.  

S imi l a r ly  s e l ec t ed  p i l o t  demonstrat ion 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1981 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF AERONAUTICS AND SPACE TECHNOLOGY ENERGY TECHNOLOGY 

SUMMARY OF RESOURCES REQUIREMENTS 

Energy technology........................................... 

D i s t r i b u t i o n  o f  Program Amount by I n s t a l l a t i o n :  

Johnson Space Center........................................ 
Marshall Space F l i g h t  Center................................ 
J e t  Propulsion Laboratory................................... 
L e w i s  Research Center....................................... 
Headquarters............................................*... 

Total..................................................... 

1979 
Actual 

1 5 000 

650 
1 ,205 
1,160 
1 , 265 

7 20 

5,000 

1980 
Budget Current 

Estimate Estimate 
(Thousands o f  Dol la r s )  

3.000 3,000 

8 50 1 ,000 
1,050 1,000 
1,100 978 

---  2 2  

3.000 3,000 

1981 
Budget 

E s  t ima t e 

4,000 

150 
1 ,250  
1,750 

700 
150 

4,000 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1981 ESTIMATES 

OFFICE OF AERONAUTICS AND SPACE TECHNOLOGY ENERGY TECHNOLOGY 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The o b j e c t i v e  o f  t h i s  program i s  t o  r e l a t e  NASA's ae ronau t i ca l  and space technologies ,  engineer ing ,  
s c i e n t i f i c ,  and managerial  e x p e r t i s e ,  and e x i s t i n g  f a c i l i t i e s  c a p a b i l i t i e s  t o  t h e  r e sea rch  and development 
needs of  t h e  Department of  Energy and o t h e r  agencies.  
t o  energy- re la ted  problems on Earth. The Energy Technology a c t i v i t y  accomplishes t h e  program o b j e c t i v e  
through i n v e s t i g a t i o n s  of  t h e  p o t e n t i a l  a p p l i c a t i o n  of NASA c a p a b i l i t i e s  t o  energy- re la ted  problems . 
t h e s e  c a p a b i l i t i e s  a r e  shown t o  be s u f f i c i e n t l y  mature,  p lans  are developed f o r  reimbursable  suppor t  from 
t h e  app rop r i a t e  agency. 
bu t  which a r e  p rope r ly  r e l a t e d  t o  t h e  program needs of  t h e  u s e r  agency. 
po r t ed  by t h e  f a c t  t h a t  i n  FY 1980, NASA's energy- re la ted  reimbursable  work f o r  t h e  Department of Energy and 
o t h e r  agencies  i s  expected t o  t o t a l  approximately $300 m i l l i o n ,  an i n c r e a s e  o f  about t h i r t y  percent  over  
FY 1979. 

These a c t i v i t i e s  c o n t r i b u t e  t o  t h e  search  f o r  s o l u t i o n s  

When 

This process  a s su re s  t h e  development of p l ans  t h a t  a r e  no t  on ly  t e c h n i c a l l y  sound, 
The success  of  t h i s  approach i s  sup- 

A s  a r e s u l t  o f  t h e  independence a t t a i n e d  through d i r e c t  funding, NASA i s  now a major c o n t r i b u t o r  i n  Wind 
Energy, Pho tovo l t a i c  Energy Conversion, So la r  Heating and Cooling, Advanced Ground Propulsion Systems, and 
Energy Storage.  S i g n i f i c a n t  p rogress  has  a l s o  been made toward d e f i n i n g  t h e  major technology problems 
bear ing  on t h e  f e a s i b i l i t y  of  us ing  a S a t e l l i t e  Power System t o  conver t  s u n l i g h t  t o  e l e c t r i c  power f o r  t r a n s -  
miss ion  t o  t h e  Ear th  f o r  u t i l i z a t i o n .  

BASIS OF FY 1981 ESTIMATE: 

During FY 1981, NASA w i l l  con t inue  t o  focus on a r ea s  where NASA-developed e x p e r t i s e  could be u t f l i z e d .  
This  w i l l  i nc lude  i n v e s t i g a t i o n s  i n :  eva lua t ion  of S t i r l i n g  engine concepts  f o r  power genera t ion ;  new 
concepts  f o r  advancing coa l  conversion technology; o p p o r t u n i t i e s  f o r  i n d u s t r i a l  energy conserva t ion ;  small 
d i spe r sed  s o l a r  systems a p p l i c a t i o n s ;  t h e  exp lo ra t i on  of  bio- energy a s  a promising source  of  non fos s i l  
f u e l  energy; and an examination of t h e  f u t u r e  technology needs of  e l e c t r i c  u t i l i t y  systems. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1981 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF SPACE TRACKING AND DATA SYSTEMS TRACKING AND DATA ACQUISITION PROGRAM 

SUMMARY OF RESOURCES REQUIREMENTS 

1980 1981 
1979 Budget Current Budget Page 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Distribution o f  Program Amounts by Installation: 

Goddard Space Flight Center............................... 216,557 238,200 234,000 
Jet Propulsion Laboratory................................. 59,021 68,800 69,800 
Wallops Flight Center..................................... 5,800 6,300 6,500 
Dryden Flight Research Center............................. 3,150 3,000 3,300 
Headquarters.............................................. 15,372 16 ,500  18 ,800 

- 332,800 332,400 -- Total....................................o.......o...a.. 299,900 

249,700 
74 ,400 

9,800 
3,600 

21,500 

359 , 000 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1981 ESTIMATES 

OFFICE OF SPACE TRACKING AND DATA SYSTEMS TRACKING AND DATA A C Q U I S I T I O N  PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The purpose of t h i s  program i s  t o  provide  v i t a l  t r ack ing  and d a t a  a c q u i s i t i o n  support  t o  meet t h e  requirements  
of  a l l  NASA f l i g h t  p r o j e c t s .  I n  a d d i t i o n  t o  NASA f l i g h t  p r o j e c t s ,  suppor t  i s  provided,  a s  mutua l ly  agreed, f o r  
p r o j e c t s  of  t h e  Department of Defense, o t h e r  Government agenc ies ,  commercial f irms, and o t h e r  c o u n t r i e s  and i n -  
t e r n a t i o n a l  o rgan iza t i ons  engaged i n  space r e sea rch  endeavors. 

Support i s  provided for :  sounding rocke t s ,  r e sea rch  a i r c r a f t ,  e a r t h  o r b i t a l  and s u b o r b i t a l  miss ions ,  f o r  
p l a n e t a r y  s p a c e c r a f t ,  and f o r  deep space probes. 
S h u t t l e  f l i g h t  program, from t h e  completed Approach and Landing Tes t s  t o  t h e  upcoming Orb i t a l  F l igh t  Tes t s ,  
and t h e  Space T ranspo r t a t i on  System ope ra t i ona l  f l i g h t s .  

It a l s o  i nc ludes  t h e  support  o f  a l l  phases of  t h e  Space 

The va r ious  types  of support  provided inc lude :  (a)  t r ack ing  t o  determine t h e  p o s i t i o n  and t r a j e c t o r y  of 
v e h i c l e s  i n  space;  (b)  a c q u i s i t i o n  o f  s c i e n t i f i c  and e a r t h  a p p l i c a t i o n s  d a t a  from onboard experiments and 
senso r s ;  ( c )  a c q u i s i t i o n  of engineer ing  d a t a  on t h e  performance of s p a c e c r a f t  and launch v e h i c l e  systems; (d) 
t ransmiss ion  of  commands from ground s t a t i o n s  t o  s p a c e c r a f t ;  (e )  communication wi th  a s t r o n a u t s  and a c q u i s i t i o n  
of  biomedical d a t a  on t h e i r  phys ica l  cond i t i on ;  ( f )  communication of in format ion  between t h e  va r ious  ground 
f a c i l i t i e s  and c e n t r a l  con t ro l  c e n t e r s ;  and (8)  process ing  of d a t a  acqui red  from t h e  launch v e h i c l e s  and space-  
c r a f t .  Such support  i s  e s s e n t i a l  f o r  ach iev ing  t h e  s c i e n t i f i c  o b j e c t i v e s  of  a l l  f l i g h t  miss ions ,  f o r  execut ing 
t h e  c r i t i c a l  dec i s ions  which must be made t o  a s s u r e  t h e  success  of  t h e s e  f l i g h t  miss ions ,  and, i n  t h e  ca se  o f  
S h u t t l e  miss ions ,  t o  i n s u r e  t h e  s a f e t y  of t h e  crew. 

Tracking and a c q u i s i t i o n  of  d a t a  from t h e  space f l i g h t  p r o j e c t s  i s  accomplished by t h e  use  of  a world- 
wide network of  NASA ground s t a t i o n s .  These f a c i l i t i e s  a r e  i n t e r connec t ed  by ground communications l i n e s ,  
undersea cab l e s ,  and communications s a t e l l i t e  c i r c u i t s  which a r e  l e a s e d  from communications c a r r i e r s ,  bo th  
domestic and foreign.  
and t h e  con t ro l  c e n t e r s  from which t h e  f l i g h t s  a r e  d i r ec t ed .  

This  i n t e r connec t ion  provides  t h e  communications c a p a b i l i t y  needed between s p a c e c r a f t  

To meet t h e  support  requirements  l e v i e d  by t h e  wide v a r i e t y  and l a r g e  number of f l i g h t  p r o j e c t s ,  NASA has 
e s t a b l i s h e d  two types  of f a c i l i t i e s  t o  meet t h e  needs of t h e  two c l a s s e s  of  NASA f l i g h t  missions.  These a r e  
t h e  Space f l i gh t  Tracking and Data Network (STDN), which suppor t s  e a r t h  o r b i t a l  miss ions  and t h e  Deep Space 
Network (DSN), which suppor t s  p l a n e t a r y  and i n t e r p l a n e t a r y  f l i g h t  missions.  
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Computation f a c i l i t i e s  a r e  maintained t o  provide  r ea l- t ime  information f o r  mission con t ro l  and t o  process  
i n t o  meaningful form t h e  l a r g e  amounts of  s c i e n t i f i c ,  a p p l i c a t i o n s ,  and engineering d a t a  which a r e  c o l l e c t e d  
from f l i g h t  p r o j e c t s .  I n  a d d i t i o n ,  ins t rumenta t ion  f a c i l i t i e s  a r e  provided f o r  support  of sounding rocke t  
l aunchings  and f l i g h t  t e s t i n g  of  ae ronau t i ca l  r e sea rch  a i r c r a f t .  

I n  f u t u r e  years  t h e  ope ra t i on  of  t h e  Tracking and Data Relay S a t e l l i t e  System (TDRSS) w i l l  be  an important  
a spec t  o f  t h e  NASA space program. 
improve NASA's  e a r t h  o r b i t a l  t r a c k i n g  and d a t a  a c q u i s i t i o n  c a p a b i l i t i e s .  NASA w i l l  ob t a in  use  of  t h i s  system 
through an arrangement under which t h e  c o n t r a c t o r  w i l l  e s t a b l i s h  t h e  system and provide  NASA wi th  TDRSS 
s e r v i c e s  beginning i n  FY 1982. 

This  system w i l l  suppor t  a l l  e a r t h  o r b i t a l  s p a c e c r a f t  missions and w i l l  g r e a t l y  

With t h e  advent o f  TDRSS s e r v i c e s  s eve ra l  o f  t h e  STDN t r ack ing  s t a t i o n s  w i l l  be c losed  i n  1982. Planning 
i s  a l s o  underway t o  conso l ida t e  t h e  remaining co re  STDN s t a t i o n s  w i th  t hose  of t h e  DSN under t h e  management 
of t h e  J e t  Propulsion Laboratory. 
t o  support  synchronous, h igh ly  e l l i p t i c a l ,  and p l a n e t a r y  miss ions  whi le  reducing ope ra t i ons  and maintenance 
cos ts .  

The conso l ida t i on  i s  keyed t o  provid ing  a s i n g l e  network i n  t h e  mid-1980's 

The Research and Development app rop r i a t i on  provides  funds fo r :  (a )  t h e  ope ra t i on  and maintenance of t h e  
worldwide f a c i l i t i e s ;  (b)  t h e  engineer ing  and procurement of  equipment t o  s u s t a i n  and modify t h e  network 
systems t o  support  cont inu ing ,  new, and changing f l i g h t  p r o j e c t  requirements;  and (c )  t h e  development of 
advanced t r ack ing  and d a t a  a c q u i s i t i o n  systems and t h e  i n v e s t i g a t i o n  of  advanced t r ack ing  and d a t a  a c q u i s i t i o n  
techniques.  

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The c u r r e n t  e s t ima te  f o r  FY 1980 i s  $400 thousand below t h e  budget estimate. This r educ t ion  r e s u l t s  from 
t h e  Congressional genera l  r educ t ion  i n  t h e  FY 1980 NASA Research and Development app rop r i a t i on  reques t .  
The c u r r e n t  e s t ima te s  r e f l e c t  adjustments  between t h e  ope ra t i ons  and t h e  systems implementation c a t e g o r i e s  
t o  conso l ida t e  funding f o r  t h e  more s i g n i f i c a n t  c a p a b i l i t i e s  being implemented i n  t h e  Space Tracking and 
Data Systems program. Explanat ions of  t h e s e  funding changes a r e  provided under each ind iv idua l  program 
involved . 
BASIS OF FUND REQUIREMENTS: 

OPERATIONS 

The FY 1981 funding requirements  i nc lude  a cont inu ing  support  workload f o r  an average of approximately 
50 automated e a r t h - o r b i t i n g  and p l a n e t a r y  missions.  The ope ra t i ons  funding a l s o  provides  f o r  t h e  prelaunch 
support  a c t i v i t y  r equ i r ed  f o r  upcoming approved miss ions  and f o r  support  t o  t h e  Space S h u t t l e  f l i g h t s .  The 
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i n c r e a s e  i n  t h e  FY 1981 funding r eques t  f o r  Operations i s  due t o  two f a c t o r s :  ( a )  cont inu ing  c o s t  e s c a l a t i o n  
i n  a l l  a r e a s  of  Operat ions;  and (2)  suppor t  of t h e  upcoming S h u t t l e  Orb i t a l  F l igh t  Test  r e q u i r i n g  a d d i t i o n a l  
wideband communications c i r c u i t s  t o  t r ansmi t  t h e  h igh  volume of  d a t a  between t h e  S h u t t l e  and t h e  ground con t ro l  
f a c i l  i t i e s  . 

1980 1981 
1979 Budget Current Budget Page 

Actual Est imate Est imate Est imate No. 
(Thousands o f  Do l l a r s )  

................... . Space f l i gh t  t r ack ing  and d a t a  network.. 127,068 141 200 136,400 134,200 RD 12-4 
Deep space network.......................*................ 51,032 55,600 49 , 500 54,500 RD 12-6 
Aeronaut ics  and sounding rocke t  support................... 4,516 4,800 5,300 5,500 RD 12-8 

39,300 RD 12-9 Communications...........................e................ 34,027 39,800 37 , 700 
35,600 38,000 RD 12-10 Data processing................................ ........... 33,260 34,400 

264,500 271,500 Total.................................................. 249,903 275,800 

Space f l i gh t  Tracking and Data Network Operations.......... 127,068 141,200 136,400 134,200 

OBJECTIVES AND STATUS: 

The primary func t ion  of  t h e  Space f l i gh t  Tracking and Data Network (STDN) i s  t o  support  a l l  NASA Ea r th  o r b i t a l  
s p a c e f l i g h t  miss ions ,  i nc lud ing  t h e  Space Shu t t l e .  
however, t h e  network a l s o  suppor t s  s e l e c t e d  miss ions  through l u n a r  d i s t a n c e s  and beyond, such a s  t h e  I n t e r -  
n a t i o n a l  Sun-Earth Explorer  missions.  I n  a d d i t i o n ,  t h e  network provides  launch support  t o  NASA’s automated 
p l a n e t a r y  miss ions ,  as  w e l l  a s  s p a c e f l i g h t  miss ions  of o t h e r  na t ions ,  commercial f i rms ,  t h e  Department o f  
Defense, and o t h e r  United S t a t e s  Government agencies .  Accordingly, t h e  network must be respons ive  t o  t h e  
requirements  of  a l a r g e  number and wide v a r i e t y  of f l i g h t  p r o j e c t s  from launch through completion of  t h e  
f l i g h t  p r o j e c t  ob j ec t i ve s .  I n  many i n s t a n c e s ,  t h e  pe r iod  of  network suppor t  r equ i r ed  by f l i g h t  p r o j e c t s  
cont inues  f o r  s eve ra l  years .  

The m a j o r i t y  of  t h e s e  miss ions  have near- Ear th  o r b i t s ;  

The STDN p r e s e n t l y  c o n s i s t s  o f  1 4  geographica l ly  d i spered  ground s t a t i o n s ,  1 3  o f  which a r e  l o c a t e d  a t  remote 
s i t e s  and one a t  t h e  Goddard Space F l i g h t  Center (GSFC), Greenbel t ,  Maryland. A network con t ro l  c e n t e r  and 
miss ion  con t ro l  c e n t e r  complex a r e  a l s o  l o c a t e d  a t  t h e  GSFC which has  t h e  f i e l d  c e n t e r  management respon-  
s i b i l i t y  f o r  t h e  network. 
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These g loba l  f a c i l i t i e s  have t h e  c a p a b i l i t y  t o  e l e c t r o n i c a l l y  t r a c k  t h e  s p a c e c r a f t ,  send commands f o r  space-  
c r a f t  and experiment con t ro l  purposes,  r e c e i v e  engineering and s c i e n t i f i c  d a t a  from t h e  s p a c e c r a f t ,  and i n  t h e  
c a s e  of  manned f l i g h t s ,  main ta in  vo i ce  communications f o r  crew s a f e t y  and o t h e r  p r o j e c t  r e l a t e d  purposes. To 
m e e t  t h e  extremely p r e c i s e  t r a c k i n g  needs of NASA's Ea r th  and Ocean Dynamics Programs, t h e  network i s  supple-  
mented by laser t r a c k i n g  systems capable  of  provid ing  h igh  p r e c i s i o n  ranging. 

I n  a d d i t i o n  t o  t h e  ope ra t i ona l  f a c i l i t y  a t  t h e  GSFC, t h e  13 land  s t a t i o n s  a r e  l o c a t e d  a t  Fairbanks, Alaska; 
Goldstone, C a l i f o r n i a ;  M e r r i t t  I s l a n d ,  F lo r ida ;  Kauai, Hawaii; Rosman, North Caro l ina ;  Guam; Ascension I s l a n d ;  
Canberra, A u s t r a l i a ;  Bermuda; Sant iago,  Chi le ;  Quito, Equador; Winkfield,  England; and Madrid, Spain. A 
t r a n s p o r t a b l e  s t a t i o n  i s  l o c a t e d  a t  NASA's Dryden F l i g h t  Research Center ,  C a l i f o r n i a ,  f o r  support  of t h e  
S h u t t l e  program. 
New Mexico, f o r  support  of t h e  e a r l y  S h u t t l e  missions.  An engineering t e s t  and network system t r a i n i n g  
f a c i l i t y  a t  t h e  GSFC i s  a l s o  maintained and opera ted  a s  p a r t  of t h e  STDN. 

Smaller t r a n s p o r t a b l e  s t a t i o n s  w i l l  be l o c a t e d  a t  New Smyrna Beach, F lo r ida ,  and Tula Peak, 

The STDN i s  c u r r e n t l y  provid ing  suppor t  f o r  an  average of nea r ly  50 automated a p p l i c a t i o n s  and space s c i ence  
s p a c e c r a f t .  
Technology S a t e l l i t e s  (ATS-1, - 3  and - 5 ) ;  t h e  Heat Capacity Mapping Mission;  the  Orb i t i ng  Astronomical S a t e l l i t e - 3 ;  
two High Energy Astrononty Observa tor ies  (HEAO-2 and - 3 ) ;  Atmosphere Explorer  (AE-5); Nimbus-5, -6, and - 7;  t he  
Magnetic F i e l d  S a t e l l i t e  (MAGSAT); t h e  I n t e r n a t i o n a l  Sun-Earth Explorers  (ISEE-1, -2, and - 3 ) ;  and t h e  I n t e r -  
n a t i o n a l  U l t r a v i o l e t  Explorer .  

Examples of s i g n i f i c a n t  missions being supported i nc lude  t h e  Landsat-2, and -3. t h r e e  Appl ica t ions  

Upcoming miss ions  t o  be supported by t h e  network inc lude  t h e  So la r  Maximum Mission, t h e  Space Telescope,  
t h e  Dynamics Explorer  miss ion ,  t h e  Gamma Ray Observatory, and t h e  Space S h u t t l e  O r b i t a l  F l i g h t  Tests.  The 
o v e r a l l  s p a c e c r a f t  support  workload of  t h e  STDN i s  p ro j ec t ed  t o  average approximately 40 s p a c e c r a f t  during 
1981. 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The decrease  of  $4.8 m i l l i o n  i s  a n e t  r educ t ion  r e s u l t i n g  p r imar i l y  from t h e  de lay  i n  t h e  S h u t t l e  o r b i t a l  
f l i g h t  t es t  schedule and t h e  te rmina t ion  of ATS-6 support .  

BASIS OF FY 1981 ESTIMATE: 

The FY 1981 funding requirements  f o r  t h e  STDN ope ra t i ons  provide  f o r  t h e  maintenance and ope ra t i on  of  t h e  
network and c o n t r o l  c e n t e r  f a c i l i t i e s ,  a s  wel l  a s  t h e  r e l a t e d  l o g i s t i c s ,  network planning,  scheduling,  
documentation, and computer programming c o s t s  a s soc i a t ed  w i th  t h e  around- the-clock ope ra t i on  of  t h e  network. 
The p r o j e c t e d  decrease  from FY 1980 t o  FY 1981 i s  l a r g e l y  due t o  t h e  planned phase down of very  h igh  f r e-  
quency c a p a b i l i t i e s  throughout t h e  network and t h e  t r a n s f e r  of budget r e s p o n s i b i l i t y  f o r  t h e  l a s e r  and 
Smithsonian Ast rophys ica l  Observatory t o  t h e  Of f i ce  of Space and T e r r e s t r i a l  Applicat ions.  
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The FY 1981 r eques t  i nc ludes  funds f o r  suppor t  of  t h e  S h u t t l e  O r b i t a l  F l i g h t  Tests. Funds a r e  a l s o  inc luded 
i n  t h e  r eques t  t o  provide  a ground backup recording  c a p a b i l i t y  f o r  Landsat-3 suppor t  i n  t h e  event  o f  f a i l u r e  
of t he  on-board t a p e  records .  This  c a p a b i l i t y  w i l l  i n s u r e  a continued f low of Landsat-3 d a t a  u n t i l  Landsat-D 
can be launched. 

1980 1981 
isis Budget Current  Budget - - 

Actual Es t imate  Es t imate  Es t imate  
(Thousands o f  Do l l a r s )  

Deep Space Network Operations............................. 51,032 55,600 49,500 54,500 

OBJECTIVES AND STATUS: 

The primary func t ion  of  t h e  Deep Space Network (DSN) i s  t o  suppor t  p l a n e t a r y  and i n t e r p l a n e t a r y  s p a c e f l i g h t  

A s  t h e  p l a n e t a r y  miss ions  become more complex and f l i g h t  d i s t a n c e s  
missions.  
t r o l l e d  and s c i e n t i f i c  d a t a  a r e  acquired.  
cont inue  t o  i n c r e a s e ,  t h i s  network r e q u i r e s  systems, sof tware ,  and o p e r a t i o n a l  techniques t h a t  push t h e  s t a t e -  
o f- t h e- a r t  i n  telecommunications. 

The DSN provid.es t h e  v i t a l  two-way communication l i n k  by which t h e  d i s t a n t  s p a c e c r a f t  a r e  con- 

The DSN s t a t i o n s  a r e  l o c a t e d  a t  Goldstone, C a l i f o r n i a ;  Canberra, A u s t r a l i a ;  and Madrid, Spain. The s t a t i o n s  

S imi l a r  mod i f i ca t ions  a r e  c u r r e n t l y  underway t o  provide  
c o n s i s t  of  one 64-meter and two 26-meter diameter  antennas a t  each l o c a t i o n ,  except  a t  Goldstone where one o f  
t h e  26-meter antennas has been expanded t o  34 meters .  
t h e  same conf igu ra t ion  a t  t h e  two ove r seas  l o c a t i o n s  i n  1980. 
degrees  a p a r t  i n  l ong i tude  and permi t  continuous viewing o f  t h e  p l a n e t a r y  spacec ra f t .  
c e n t e r  f o r  t h e  network i s  l o c a t e d  a t  t h e  Jet  Propuls ion  Laboratory (JPL) i n  Pasadena, Ca l i fo rn ia .  The JPL 
has f i e l d  management r e s p o n s i b i l i t y  f o r  t h e  network. 

The t h r e e  l o c a t i o n s  a r e  approximately 120 
A c e n t r a l i z e d  con t ro l  

The c u r r e n t  workload i n  t h e  DSN c o n s i s t s  of  t h e  seven on-going Pioneer  s p a c e c r a f t  (Pioneer 6-11 and Pioneer-  
Venus), two Viking s p a c e c r a f t  (one o r b i t e r  and one l ande r ) ,  t h e  two He l ios  miss ions ,  and t h e  two Voyager 

spacec ra f t .  Support of  t h e s e  miss ions  w i l l  cont inue  dur ing  FY 1981, except  f o r  t h e  Viking o r b i t e r .  

The Pioneer  11 miss ion  provided an e x c e l l e n t  t e s t  o f  t h e  DSN c a p a b i l i t i e s  when t h e  network s u c c e s s f u l l y  
suppor ted  t h e  Sa tu rn  Encounter nav iga t ion  of  t h e  s p a c e c r a f t  o u t s i d e  and through t h e  r ing- p lane  and u t i l i z i n g  
an a r r ayed  antenna technique  t o  provide  inc reased  s e n s i t i v i t y  and good q u a l i t y  d a t a  f o r  our  f i r s t  c l o s e  view 
o f  Sa turn  'and s e v e r a l  o f  i t s  moons. 

Of t h e  o l d e r  P ioneer  s p a c e c r a f t ,  Pioneer 10 i s  over 2.9 b i l l i o n  k i lome te r s  from Ear th  and i s  proceeding 
on a p a t h  t h a t  w i l l  t a k e  it beyond t h e  s o l a r  system. 
made o b j e c t  communicated wi th  and eaeh t i m e  d a t a  i s  r ece ived ,  a new communications r eco rd  i s  e s t ab l i shed .  

Pioneer 10  cont inues  t o  be t h e  most d i s t a n t  human 
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The Pioneer  11 s p a c e c r a f t ,  some 1.5 b i l l i o n  k i lometers  from Ear th ,  i s  being t racked  a s  i t  proceeds on a p a t h  
t ak ing  it o u t  of  t h e  s o l a r  system. 
The two Helios miss ions  a r e  cont inu ing  t h e i r  o r b i t  about t h e  Sun a s  t hey  ga the r  d a t a  on t h e  s o l a r  plasma. 
The two Viking s p a c e c r a f t  cont inue t o  ga the r  s c i ence  d a t a  from Mars. 

The Pioneer  6-9 spacec ra f t  a r e  provided support  during s o l a r  conjunct ions.  

To t ake  advantage of  a r a r e  alignment of  t h e  o u t e r  p l a n e t s  J u p i t e r ,  Sa turn ,  and Uranus, Voyagers 1 and 2 
w e r e  launched i n  1977. 
wi th  Sa turn  i n  November 1980, and August 1981. A s  i s  t y p i c a l  o f  p l a n e t a r y  miss ions ,  t h e  two Voyager space- 
c r a f t  w i l l  r e q u i r e  support  f o r  s eve ra l  years  during t h e i r  f l i g h t  t o  Sa turn  and Uranus. 

P repa ra t i ons  a r e  underway i n  t h e  DSN t o  provide  coverage of t h e  Voyagers' encounters  

The DSN f a c i l i t i e s  are a l s o  used on a non in t e r f e r ence  b a s i s  f o r  ground-based measurements i n  support  o f  
experiments i n  p l a n e t a r y  r ada r  mapping and i n  t h e  f i e l d  of r a d i o  astronomy. The u l t r a s e n s i t i v e  network 
antennas a r e  being used i n  an a t t e m p t  t o  l e a r n  more about t h e  myster ious p u l s a r  h igh  energy sources ,  
quasars ,  b lack  ho le s ,  and o t h e r  i n t e r s t e l l a r  phenomena. 

I n  a d d j t i o n  t o  t h e  Voyager miss ions ,  t h e  upcoming DSN workload a l s o  i nc ludes  p repa ra t i on  f o r  support  of 
t h e  I n t e r n a t i o n a l  So la r  Polar  and Ga l i l eo  missions.  
t e s t i n g ,  t r a i n i n g ,  engineering and sof tware  e f f o r t ,  and compound t h e  d i f f i c u l t y  of o v e r a l l  suppor t  planning 
and execut ion s i n c e  such p repa ra t i ons  must be c a r r i e d  o u t  a t  t h e  same t ime t h a t  t h e  network i s  suppor t ing  
t h e  ex t ens ive  and cont inuous on-going workload descr ibed  above. 

These support  p r epa ra t i ons  r e q u i r e  thorough and complex 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The n e t  decrease  of  $6.1 m i l l i o n  i s  due t o  t h e  t r a n s f e r  of funding f o r  J e t  Propulsion Laboratory engineer-  
ing  e f f o r t  a s soc i a t ed  wi th  s p e c i f i c  p r o j e c t s  from t h e  ope ra t i ons  budget t o  t h e  systems implementation budget. 
This t r a n s f e r  provides  f o r  improved management v i s i b i l i t y  by budgeting f o r  s p e c i f i c  p r o j e c t s  i n  one program 
area.  A po r t i on  of t h e  t r a n s f e r  f o r  engineering e f f o r t  was o f f s e t  by increased  c o s t  e s c a l a t i o n ,  p a r t i c u l a r l y  
f o r  ope ra t i ons  a t  t h e  Madrid s t a t i o n .  

BASIS OF FY 1981 ESTIMATE: 

The DSN ope ra t i ons  funds provide  f o r  t h e  maintenance and ope ra t i ons  of t h e  network f a c i l i t i e s ,  c o n t r o l  
c e n t e r ,  and t h e  support  and engineer ing  e f f o r t  a s soc i a t ed  wi th  t h e  ope ra t i on  of  t h e  network. 
ques ted  f o r  FY 1981 a r e  based upon t h e  on-going workload, i nc lud ing  t h e  Voyager miss ions ,  t h e  Pioneer  6-11 
miss ions ,  t h e  Pioneer-Venus extended miss ion ,  and t h e  Viking Lander extended mission. 

The funds re- 
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1980 1981 
1979 Budget Current  Budget 

Actual Est imate Est imate Est imate 
(Thousands of Do l l a r s )  

Aeronaut ics  and Sounding Rocket Support Opera t ions . .  . . . . . . . 4,516 4,800 5,300 5,500 

OBJECTIVES AND STATUS: 

Ins t rumenta t ion  systems a r e  maintained and operated f o r  t he  sounding rocke t ,  bal loon,  small  s a t e l l i t e ,  and 
a e r o n a u t i c a l  programs conducted by the  Wallops F l i g h t  Center (WFC) and t h e  a e r o n a u t i c a l  f l i g h t  r e sea rch  
programs of the  Dryden F l i g h t  Research Center  (DFRC). These i n s t rumen ta t i on  systems inc lude  genera l  purpose 
t r ack ing ,  t e lemet ry ,  da t a  handl ing,  and communications systems, a s  w e l l  a s  s p e c i a l  purpose o p t i c a l  equipment. 

The Sounding Rocket Program cont inues  t o  be very  a c t i v e ,  wi th  over  300 launches l a s t  year ,  ranging from 
the  smal le r  meteoro logica l  rocke t s  t o  t he  l a r g e r  Scout rocke ts .  
a r e  conducted a t  the  WFC. This  workload i s  expected t o  remain a t  approximately the  same l e v e l  i n  FY 1981. I n  
a d d i t i o n  t o  t he  cont inu ing  sounding rocke t ,  ba l loon ,  and a e r o n a u t i c a l  program a c t i v i t i e s ,  t he  WFC w i l l  provide 
spec i a l i zed  t r ack ing ,  eva lua t ion ,  and c a l i b r a t i o n  s e r v i c e s  f o r  t he  launch phases of the  S h u t t l e  o r b i t a l  f l i g h t  
t e s t s .  

The ma jo r i t y  of t he se  sounding rocke t  launches 

The Dryden F l i g h t  Research Center (DFRC) ope ra t e s  t h e  Aerodynamics T e s t  Range f a c i l i t i e s .  These f a c i l i t i e s  
a r e  composed of p r e c i s i o n  r ada r  t r ack ing ,  t e lemet ry ,  and communications equipment, which a r e  used t o  monitor 
and c o n t r o l  h igh  performance a i r c r a f t  r e sea rch  and development programs of  both NASA and t h e  A i r  Force. 
Various a i r c r a f t  r e sea rch  and technology p r o j e c t s  a r e  supported by t h e  Aerodynamics Test Range. A i r c r a f t  
flown i n  t he se  f l i g h t s  inc lude  the  F-111, F-104, F-15, F-8, F-14, and remotely p i l o t e d  v e h i c l e s ,  i nc lud ing  
Highly Maneuverable A i r c r a f t  Technology (HiMAT). 
o r b i t a l  f l i g h t  tes ts  i s  planned a t  t he  DFRC f o r  FY 1980 and 1981. 

Tracking and da ta  a c q u i s i t i o n  support  o f  the  S h u t t l e  

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The i n c r e a s e  of  $500 thousand i n  t he  FY 1980 l e v e l  provides f o r  o p e r a t i o n a l  communications i n  support  o f  t he  
t i l t  r o t o r  program and S h u t t l e  a t  t he  Dryden F l i g h t  Research Center  and t o  provide r e h a b i l i t a t i o n  of heavy 
mechanical subsystems f o r  t he  r ada r  and antenna p e d e s t a l s  a t  Wallops F l i g h t  Center .  

BASIS OF FY 1981 ESTIMATE: 

The FY 1981 funding requirements  support  t he  sounding rocke t  launches and the  Aerodynamics T e s t  Range 
a c t i v i t i e s .  The r eaues t  a l s o  i nc ludes  funding t o  support  t he  i n i t i a l  S h u t t l e  o r b i t a l  f l i g h t  t e s t  landings  
a t  the  Dryden F l i g h t  Research Center .  
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1980 1981 
1979 Budget Current Budge t 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Communications Operations .................................. 34,027 39,800 37,700 39 , 300 

OBJECTIVES AND STATUS: 

NASA's global communications network (NASCOM) interconnects by means of leased voice and data circuits the 
NASCOM also links together such tracking and data acquisition facilities which support all flight projects. 

facilities as launch areas, test sites, and mission control centers. The Goddard Space Flight Center operates 
the NASCOM and serves as its major switching control point. In the interest of economy, reliability, and 
full utilization of trunk circuitry, subswitching centers have been established at key domestic and overseas 
locations. 

To an increasing extent, the NASA flight projects are requiring the transfer of vast amounts of data between 
the mission control centers and the tracking sites because of the increased need for real time control of the 
spacecraft and on-board experiments. In addition, there is a requirement to provide increasing amounts of 
experiment data more quickly to the users for analysis. 

In order to meet high data transfer rate requirements, NASA is increasing its utilization of digital tech- 
niques in providing communications support, The availability of this technology allows for a greater amount 
of data to be sent over conventional communication circuits. Also, circuits capable of transferring data at 
increasingly higher rates are becoming available from the common carriers at reasonable costs. 
the techninues of sending data directly from a spacecraft, through a tracking station without manipulation, 
to a mission or project control center has become economically attractive. 
communications field as a "bent pipe" mode, simplifies the data handling systems at the tracking stations, 
thereby minimizing the operation and maintenance activities at those locations. 
the direct transfer of data from the spacecraft to the control center via high data rate communications links 
is expected to continue. 

Consequently, 

This approach, referred to in the 

As a result, the trend toward 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The decrease of $2.1 million in the FY 1980 funding level resulted from two factors: (1) the delay in the 
Shuttle orbital flight test schedule which, in turn, allowed for a delay in ordering up the wideband and video 
communications circuits required for Shuttle support; and (2) lower than originally estimated prices for some 
overseas wideband circuits. 
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BASIS OF FY 1981 ESTIMATE: 

The FY 1981 funding requirements f o r  communications opera t ions  w i l l  p rovide  f o r  the  c i r c u i t s  and s e r v i c e s  
required  t o  opera te .  and mainta in  t h e  NASCOM. I n t e r n a t i o n a l  communications s a t e l l i t e s  w i l l  permit  t h e  
ex tens ion  o f  a d d i t i o n a l  d i g i t a l  wideband s e r v i c e s  t o  a l l  overseas  t r a c k i n g  s t a t i o n s .  These s e r v i c e s  w i l l  
p rovide  f o r  t h e  near  rea l- t ime t r a n s f e r  o f  d a t a  f o r  a l l  o n - g o i n g . f l i g h t  programs. 

The major reason f o r  the  increased requirements i n  FY 1981 i s  due t o  the  support  requirements f o r  t h e  
S h u t t l e  f l i g h t s .  This p r o j e c t  r e q u i r e s  a f u l l  year  o f  wideband communications c i r c u i t s  throughout v i r t u a l l y  
t h e  e n t i r e  network o f  s t a t i o n s .  Wideband s e r v i c e  w i l l  a l s o  be i n i t i a t e d  t o  support  t h e  Tracking and Data 
Relay S a t e l l i t e  System (TDRSS) f a c i l i t y  t e s t i n g  phase. 

The o p e r a t i o n  o f  t h e  swi tching c e n t e r s  and t e c h n i c a l  c o n t r o l  f a c i l i t i e s  i s  a cont inuing func t ion  a s s u r i n g  
h igh r e l i a b i l i t y  and e f f i c i e n c y  i n  the  use  o f  t h e  va r ious  types  o f  communications s e r v i c e s  a v a i l a b l e  t o  
NASCOM from the  common c a r r i e r s .  

1980 1981 
1979 Budge t Current  Budget 

Actual  Estimate Estimate Est imate  
(Thousands of  Dol l a r s )  

Data Process ing Operations ............................... 33,260 34,400 35,600 38,000 

OBJECTIVES AND STATUS: 

Informat ion received i n  the  form of t r a c k i n g  and t e l emet ry  d a t a  from t h e  va r ious  s p a c e c r a f t  must be 
processed i n t o  a useable  form be fo re  t r a n s f e r  t o  c o n t r o l  c e n t e r s  and experimenters.  This t r ans fo rmat ion  and 
computation process  i s  performed a s  p a r t  o f  t h e  d a t a  process ing f u n c t i o n  and a p p l i e s  t o  a w i d e  v a r i e t y  of  
programs, ranging from t h e  small  Explorer  s a t e l l i t e s  t o  l a r g e  and complex Solar/Astronomical  Observator ies  and 
t h e  Landsat s a t e l l i t e s .  

Tracking d a t a  a r e  processed t o  provide  o r b i t a l  informat ion which i s  used t o  compute s p a c e c r a f t  p o s i t i o n .  
This  i s  e s s e n t i a l  f o r  t h e  r e a l - t i m e  c o n t r o l  o f  s p a c e c r a f t ,  fo r ' de te rmin ing  when the  s p a c e c r a f t  w i l l  be 
pass ing  over  t h e  s t a t i o n s  so d a t a  can be acquired ,  and f o r  providing p r e c i s e  informat ion t h a t  can  be used 
by the  s c i e n t i f i c  experimenters t o  determine where i n  t h e  t r a j e c t o r y  of t h e  s p a c e c r a f t  t h e  s c i e n t i f i c  
measurements were made. Telemetry d a t a  must be processed to :  ( a )  s e p a r a t e  the  informat ion obtained from 
v a r i o u s  s c i e n t i f i c  experiments aboard t h e  s p a c e c r a f t ;  (b)  c o n s o l i d a t e  informat ion from each experiment; 
( c )  determine s p a c e c r a f t  a t t i t u d e ;  and (d) c o r r e l a t e  these  measurements wi th  t h e  p o s i t i o n  d a t a .  Processed 
d a t a  a r e  t h e  primary product  o f  t h e  s p a c e c r a f t  miss ions  and i t  i s  through reduc t ions  and ana lyses  o f  t h e s e  
d a t a  by t h e  exper imenters  t h a t  t h e  planned o b j e c t i v e s  a r e  achieved.  
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I n  a d d i t i o n  t o  t he  a c t u a l  p rocess ing  of  t h e  d a t a ,  upcoming p r o j e c t s  r e q u i r e  ex tens ive  prelaunch o r b i t  
a n a l y s i s  i nc lud ing  spacec ra f t  p o s i t i o n  and a t t i t u d e  p r e d i c t i o n s .  Analyses a r e  a l s o  requi red  t o  develop 
ope ra t i ona l  sequences and procedures  t o  be used dur ing  the  a c t u a l  o p e r a t i o n  of  t he se  complex s p a c e c r a f t .  

I n  a d d i t i o n  t o  t h e  t r a c k i n g  and p o s i t i o n a l  da ta  process ing  descr ibed  above, t h e r e  i s  a l s o  a g r e a t  d e a l  of 
da t a  process ing  requi red  on the  in format ion  received from the  on-board experiments .  Two f a c i l i t i e s ,  t he  
Image Data Processing F a c i l i t y  (LDPF) and the  Telemetry On-Line Processing System (TELOPS) have been e s t a b-  
l i s h e d  a t  the  Goddard Space F l i g h t  Center t o  process  d i f f e r e n t  types  of  experimental  d a t a .  

The IDPF, i n i t i a l l y  e s t a b l i s h e d  t o  handle imagery da t a  of t he  Ear th  Resources Technology s a t e l l i t e  
(Landsat-1) ,  now suppor t s  t he  second and t h i r d  Landsat spacec ra f t .  These spacec ra f t  a r e  supported wi th  a 
new a l l - d i g i t a l  system us ing  computer compatible  t apes  which, when completely ope ra t i ona l ,  w i l l  reduce the  
time requi red  t o  provide da ta  t o  u se r s .  The ope ra t i ona l  requirement f o r  t h i s  f a c i l i t y  i s  expected t o  cont inue  
through the  next  s eve re l  y e a r s  f o r  suppor t  of t he  c u r r e n t l y  o p e r a t i o n a l  and/or  approved programs, i nc lud ing  
Nimbus 7 ,  Synchronous Meteorological  s a t e l l i t e s ,  Heat Capaci ty Mapping Mission, and the  upcoming So la r  
Maximum Mission. 

The Telemetry Processing F a c i l i t y  which handles  the  convent iona l ,  nonimagery da t a  was reconfigured i n  
FY 1978 a s  t he  Telemetry On-Line Processing System. 
o r i en t ed  system t o  an  automated o n - l i n e  e l e c t r o n i c  mass s to rage  system. TELOPS r ece ives  s a t e l l i t e  da ta  i n  
d i g i t a l  form from the  t r ack ing  s t a t i o n s  v i a  NASCOM communication l i n e s  and i s  ab l e  t o  s t o r e  up t o  s i x  months 
of  te lemet ry  da ta  o n - l i n e ,  thus ,  e l imina t ing  most of  the  tape  and t ape  handl ing ope ra t i ons  w i t h i n  the  old 
p roc e s s ing  fa  c i 1 i t y . 

This  r econ f igu ra t i on  r e s u l t e d  i n  a change from a tape-  

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The inc rease  of $1.2 m i l l i o n  i n  t ne  FY 1980 funding l e v e l  r e s u l t e d  from g r e a t e r  t h a t  expected c o s t s  a s s o c i -  
a t ed  wi th  b r ing ing  the  new a l l - d i g i t a l  IDPF i n t o  f u l l  ope ra t i on  and the  implementation o f  a domsat te rmina l  
f o r  rap id  handl ing of  Landsat d a t a .  

BASIS OF FY 1981 ESTIMATE: - 
The FY 1981 budget requirements  inc lude  funds t o  ope ra t e  t he  IDPF and the  TELOPS t o  process  da t a  from 

c u r r e n t l y  o r b i t i n g  s a t e l l i t e s ,  a s  we l l  a s  da ta  from the  s a t e l l i t e s  scheduled t o  be launched dur ing  the  per iod .  
The s c i e n t i f i c  reauirements  f o r  the  a c q u i s i t i o n  and process ing  of  da ta  from the  o l d e r  s a t e l l i t e s  a r e  under 
cont inu ing  review and support  f o r  o l d e r  missions i s  terminated o r  c u r t a i l e d  a s  mission o b j e c t i v e s  a r e  achieved 
o r  when the  experiment da ta  i s  no longer  u se fu l  o r  c o s t  e f f e c t i v e  t o  acqu i r e  and process ,  

RD 12- 11  



Software procurement activities have been initiated for support of upcoming space science and applications 
spacecraft such as the Space Telescope and Dynamics Explorer, as well as Spacelab. The activities cover 
spacecraft orbit and attitude control and related data processing requirements which require additional 
funding for FY 1981. Software effort is also required to develop the necessary programs to accommodate the 
Tracking and Data Relay Satellite System/free-flyer mode of operation. 

BASIS OF FUND REQUIREMENTS: 

SYSTEMS IMPLEMENTATION 

The objectives of the NASA tracking and data systems implementation program are to maintain the existing 
ground support capability at a high level of proficiency and reliability in order to meet the aggregate 
support needs of the many and varied space missions, and t o  provide augmentation to this capability, as 
necessary, to meet the special requirements of individual flight projects. These ground support systems 
consist of the tracking and communications networks, control centers, data processing facilities and aero- 
nautics and sounding rocket instrumentation. 

The system implementation program encompasses the engineering, design and procurement of the necessary 
equipment, subsystems, and systems in response to the requirements of the various flight missions and other 
research projects. It also includes related documentation and basic software, the provisioning of large module 
spares, and the acceptance testing, integration and checkout of equipment. 

FY 1981 funding is needed to maintain the required level of operational proficiency and reliability of net- 
work systems through the replacement of obsolete and worn out equipment. Modification and augmentation of 
existing systems are also necessary to maintain compatibility with changes in associated on-board spacecraft 
communications systems and to improve the utilization and efficiency of network systems. In addition, FY 1981 
funds are also required to continue the implementation of new capabilities for upcoming missions, including 
the International Solar Polar Mission, Galileo, Space Telescope, Gamma Ray Observatory, Shuttle, and Spacelab 
programs. 

Funds are also included to initiate long lead time items for the consolidation of the remaining STDN core 
stations with the DSN stations. The consolidated network, under the management of the Jet Propulsion 
Laboratory, is keyed to the mid-1980's. 
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1980 
1979 

Ac tua 1 

Spaceflight tracking and data network ..................... 14,085 
Deep space network ........................................ 10,115 
Aeronautics and sounding rocket support ................... 4,052 
Communications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4,815 

Total ................................................... 40.497 
Data processing ........................................... 7,430 

Budget Current 
Estimate Estimate 
(Thousands of  Dollars) 

17 , 000 17 , 000 
15,100 22 , 400 
3,700 4,000 
3,700 4 , 400 
6,900 9,500 

46.400 57.300 

1981 
Budget Page 

Estimate - No. 

22,600 RD 12-13 
23,100 RD 12-15 
7,100 RD 12-17 
5,600 RD 12-18 
17,800 RD 12-19 
76.200 

Spaceflight Tracking and Data 
Network Systems Implementation .......................... 14,085 17 , 000 17 , 000 22 , 600 

OBJECTIVES AND STATUS: 

The Spaceflight Tracking and Data Network Systems Implementation program encompasses the procurement and 
implementation of systems and services necessary to sustain an effective capability for reliable support of 
ongoing scientific and applications satellite missions, to provide the network and control center capabilities 
required for efficient control, tracking, command, and data acquisition support of all NASA earth orbital 
missions, and to meet new support requirements for spacecraft to be launched in the near future. Implementation 
of these capabilities is vital to the success of NASA's spaceflight missions. 

Employing systems implemented in past years, the network is currently supporting many missions with highly 
complex requirements for tracking , data acquisition, and command. 
Explorers (ISEE-1, -2, and -3), the High Energy Astronomy Observatories (HEAO-2, and -3), Landsat-2 and -3, the 
Magnetic Field Satellite (MAGSAT), the Stratospheric Aerosol and Gas Experiment, Nimbus-5, -6, and -7, and 
the Laser Geodynamic Satellite (LAGEOS). 
implementation for upcoming new missions such as the Space Shuttle Orbital Flight Tests and Solar Maximum 
Mission. Plans and procurements are also underway to meet support requirements for future missions such as 
the Space Shuttle operational flights, Spacelab, Landsat-D, and the Space Telescope. 

Among these are the International Sun-Earth 

Network and control center systems are in the final stages of 

BASIS OF FY 1981 ESTIMATE: 

Eouipment modifications are required in the network and control centers in FY 1981 to maintain the required 
level of proficiency for support of a diverse and demanding workload and to assure the reliability of the 
network systems, Accordingly, funds are required for replacement of worn out systems with more reliable units, 
for equipment modifications to correct operational deficiencies, and for equipment to be used in operational 
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control of the network. The funds requested also provide for procurement of subsystem spares, for the 
provision and modification of test equipment, and for minor equipment modifications resulting from changes in 
support requirements from one mission to the next. 

The operational flights of the Space Transportation System (STS) will employ the Tracking and Data Relay 
Satellite System (TDRSS) for orbital tracking and command and for data, television, and voice communications. 
A comprehensive capability for prelaunch testing and launch support of Shuttle and for compatibility testing 
of Shuttle and STS payloads with TDRSS is being installed at the Merritt Island, Florida, network station, 
Funds are requested in FY 1981 to complete the Merritt Island station TDRSS compatibility test capability and 
to complete the STS and STS payload telemetry and command monitoring systems at the TDRSS ground station at 
White Sands, New Mexico. Funds are also included for the continued implementation of mobile compatibility 
test vans to be used for prelaunch free-flyer spacecraft/TDRSS compatibility testing. 

In addition, funds are requested to procure a spare transponder to ensure continuous operation of the 
TDRSS bilateration tracking systems. The bilateration tracking system is required to obtain precise position 
information on the TDRSS Precise position of the TDRSS spacecraft is necessary in order to calculate precise 
orbits of the spacecraft being tracked by TDRSS. 

In FY 1981, effort will continue on the design and implementation of a new control center for the Space 
Telescope. This work will be conducted in concert with the development of the Science Institute (funded by 
the Office of Space Science) to minimize the design cost for both hardware and software systems as well as 
to facilitate testing and other operations. 

In FY 1981, a new transportable station will be implemented at a foreign site to provide coverage to the 
Landsat-D spacecraft during those periods when the spacecraft is not in view of the TDRSS. 

To efficiently and effectively meet the mission control workload in the 1 9 8 O ' s ,  a new approach to control 
center design has been initiated. This approach involves techniques for rapid configuration of control 
center equipment to meet the requirements of a particular mission. The overall objective of  the new design 
is to permit the sharing of resources to improve equipment utilization and to decrease the number of software 
and operations personnel, In FY 1981, the necessary complement of computers will be purchased and the 
integration of a "cluster" of control centers undertaken. 
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1980 1981 
Budge t 1979 Budget Current  

Actual  Est imate Est imate Est imate 
(Thousands of  Do l l a r s )  

Deep Space Network Systems 
Implementation ........................................... 10,115 15,100 22 , 400 23 , 100 

OBJECTIVES AND STATUS: 

The Deep Space Network i s  r e spons ib l e  f o r  recover ing  sc ience  da ta  from and provid ing  the  c a p a b i l i t y  f o r  
remote ope ra t i on  of p l ane t a ry  and i n t e r p l a n e t a r y  spacec ra f t .  I n  a d d i t i o n ,  a f t e r  t he  Tracking and Data Relay 
S a t e l l i t e  System (TDRSS) becomes ope ra t i ona l ,  t he  Deep Space Network w i l l  support  h igh ly  e l l i p t i c a l  e a r t h  
o r b i t a l  missions.  The systems and f a c i l i t i e s  requi red  t o  accomplish t h i s  a r e  h igh ly  spec i a l i zed  and inc lude  
Deep Space s t a t i o n s  wi th  t h e i r  l a r g e  a p e r t u r e  antennas (up t o  64-meter d iameter ) ,  u l t r a s e n s i t i v e  r e c e i v e r s ,  
and high power t r a n s m i t t e r s .  Advanced da t a  handl ing systems a r e  a l s o  requi red  both a t  the  s t a t i o n s  and i n  the  
network c o n t r o l  c e n t e r .  

The Deep Space Network Systems Implementation funding provides f o r  t h e  engineer ing  and procurement of the  
systems and r e l a t e d  s e r v i c e s  t o  be used i n  t h i s  network t o  a s s u r e  t h a t  i t s  c a p a b i l i t i e s  keep pace wi th  ongoing 
and upcoming approved p l ane t a ry  mission support  requirements .  It provides  f o r  the  i n i t i a t i o n  of  conso l ida t i on  
of the  Deep Space and co l loca t ed  near  Ear th  s t a t i o n s  i n t o  a s i n g l e  h igh ly  automated network t h a t  w i l l  provide 
enhanced c a p a b i l i t y  whi le  reducing o v e r a l l  maintenance and ope ra t i ons  c o s t s .  Included i s  the  replacement of 
o b s o l e t e  equipment i n  o rde r  t o  improve the  performance, r e l i a b i l i t y ,  and m a i n t a i n a b i l i t y  of  the  network. 
Ove ra l l ,  t he  equipment and techniques funded under t h i s  program a r e  major c o n t r i b u t o r s  to:  improvements i n  
spacec ra f t  nav iga t ion  accuracy; t h e  succes s fu l  conduct of i n c r e a s i n g l y  complex experiments; and t h e  a b i l i t y  t o  
r ece ive  i n c r e a s i n g  amounts of s c i e n t i f i c  in format ion  from p l ane t a ry  spacec ra f t  a t  ever  i n c r e a s i n g  d i s t a n c e s  
from Ear th .  The need f o r  dedicated network support  dur ing  many t i m e - c r i t i c a l  mission events  combined wi th  t he  
i n c r e a s i n g  communication d i s t a n c e s  and t h e  demand f o r  g r e a t e r  ground nav iga t ion  p rec i s ion ,  r e q u i r e s  a con- 
t i n u i n g  e f f o r t  t o  extend network c a p a b i l i t i e s ,  performance, and r e l i a b i l i t y  while  a t  t h e  same time reducing 
maintenance and ope ra t i ons  c o s t s .  

Major e f f o r t s  planned dur ing  FY 1981 inc lude  the  s t a r t  o f  a mul t iyear  modi f ica t ion  program t o  conso l ida t e  
t h e  Deep Space and co l loca t ed  near  Ea r th  s t a t i o n s  i n t o  a s i n g l e  network whi le  providing support  f o r  t he  two 
Voyager Sa turn  encounters  and implementation of  a new high accuracy nav iga t ion  technique.  
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CHANGES FROM FY 1980 BUDGET ESTIMATE: 

An i n c r e a s e  of $ 7 . 3  m i l l i o n  from the  FY 1980 budget e s t ima te  r e s u l t e d  from the  t r a n s f e r  of  funding f o r  t he  
J e t  Propuls ion  Laboratory engineer ing  e f f o r t  requi red  f o r  s p e c i f i c  p r o j e c t s  from the  ope ra t i ons  budget t o  t he  
systems implementation budget.  The purpose of t h i s  t r a n s f e r  i s  t o  conso l ida t e  t he  t o t a l  funding requirements  
o f  s p e c i f i c  p r o j e c t s  i n  the  systems implementation budget. This  w i l l  provide f o r  improved management 
v i s i b i l i t y ,  

BASIS OF FY 1981 BUDGET: 

Funding f o r  FY 1981 provides f o r  complet ion of a number of  modi f ica t ions  and improvements requi red  f o r  t he  
support  o f  t he  second Voyager Sa turn  encounter .  These inc lude  an  o p e r a t i o n a l  d i g i t a l l y  c o n t r o l l e d  up l ink  
o s c i l l a t o r  n e c e s s i t a t e d  by an  anomaly i n  the  Voyager 2 onboard r ece iv ing  system. It a l s o  provides f o r  
mod i f i ca t i ons  t o  improve the  s e n s i t i v i t y  of the  r ece iv ing  antennas t o  i n c r e a s e  the  amount of  s c i e n t i f i c  
imagery da ta  t h a t  can be re turned  dur ing  the  Sa turn  encounter phase. 

Implementation of  an  ope ra t i ona l  Very Long Basel ine In te r fe romet ry  (VLBI) t r ack ing  c a p a b i l i t y  w i l l  a l s o  
cont inue.  This  c a p a b i l i t y  i s  necessary  t o  meet c u r r e n t  and f u t u r e  nav iga t ion  requirements a t  t h e  o u t e r  
p l a n e t s ,  p a r t i c u l a r l y  dur ing  pe r iods  when the  s p a c e c r a f t ,  i n  t he  v i c i n i t y  of  the  p l a n e t s ,  a r e  viewed i n  the  
c e n t e r  of t he  p lane  of the  e c l i p t i c .  An o rde r  o f  magnitude improvement i n  nav iga t ion  accuracy i s  necessary  
i n  o rde r  f o r  t he  spacec ra f t  t o  ach ieve  c l o s e  s a t e l l i t e  f lybys  and t o  provide the  p r e c i s i o n  f o r  g r a v i t y  
a s s i s t  maneuvers a s  the  spacec ra f t  journey t o  subseouent p l ane t a ry  encounters .  Missions r e q u i r i n g  t h i s  
accuracy l e v e l  a r e  Voyager a t  t he  Sa turn  and Uranus encounters  and Ga l i l eo  a t  the  Mars and J u p i t e r  
encounters .  

A phased conso l ida t i on  of t he  Deep Space and co l loca t ed  near  Ear th  s t a t i o n s  w i l l  begin i n  FY 1981 based 
on i n t e n s i v e  system engineer ing  des ign  a c t i v i t i e s  underway i n  FY 1980. C e n t r a l i z a t i o n  of s i g n a l  p rocess ing  
a t  each of  the  t h r e e  Deep Space complexes ( C a l i f o r n i a ,  Spain, and A u s t r a l i a )  by implementing da t a  d i s t r i b u t i o n  
equipment w i l l  reduce t h e  amount of  s i g n a l  p rocess ing  equipment per  complex. This,  t oge the r  wi th  ongoing 
modi f ica t ions  and replacement of o b s o l e t e  da t a  process ing  computers, w i l l  reduce the  ope ra t i ons  and main- 
tenance c o s t s .  A t  t he  same time these  modi f ica t ions  w i l l  i nc rea se  network performance and f l e x i b i l i t y  by 
provid ing  the  c a p a b i l i t y  t o  e f f e c t i v e l y  a r r a y  two o r  more antennas t o  i n c r e a s e  s e n s i t i v i t y .  Fur ther  reduc t ions  
i n  maintenance and ope ra t i ons  c o s t s  w i l l  be provided by automating much of  t h e  antenna front- end inc luding  
the  microwave and r e c e i v e r  equipment. 

It i s  a l s o  planned t o  conver t  t he  26-meter and 9-meter antennas t o  a l low added r ecep t ion  a t  the  X-band 
f requencies  now being used by more r ecen t  and approved new spacec ra f t ,  whi le  a t  the  same t i m e  p rovid ing  a 
g r e a t e r  p o t e n t i a l  f o r  antenna a r r a y i n g .  The e n t i r e  conso l ida t i on  e f f o r t  o f  antenna conversion,  equipment 
automation, s i g n a l  d i s t r i b u t i o n  and c e n t r a l i z e d  process ing  i s  c a r e f u l l y  sequenced t o  ensure t h a t  t he  network 
i s  capable  of  suppor t ing  c u r r e n t  and planned f u t u r e  f l i g h t  missions wi thout  i n t e r r u p t i o n .  

RD 12-16 



Concurrent wi th  these  important  engineer ing changes, FY 1981 funds w i l l  a l s o  be required  t o  mainta in  t h e  
h igh l e v e l  o f  r e l i a b i l i t y  f o r  support  o f  t h e  time c r i t i c a l  maneuvers and p l a n e t a r y  encounters .  This w i l l  be 
accomplished through a con t inu ing  program of  spa res  provis ioning,  major equipment refurbishment ,  and minor 
eouipment and f a c i l i t y  modi f i ca t ion  and maintenance t o  a s s u r e  i n t e r f a c e  c o m p a t i b i l i t y  of  e x i s t i n g  equipment 
wi th  the  new system c o n f i g u r a t i o n s  being implemented i n  t h e  network. 

1980 1981 
1979 Budget Current  Budge t 

Actual  Es t imate  Estimate Estimate 
(Thousands o f  Dol l a r s )  

Aeronaut ics  and Sounding Rocket Support 
Systems Implementation ................................. 4,052 3,700 4,000 7,100 

OBJECTIVES AND STATUS: 

The a e r o n a u t i c s ,  ba l loon ,  and sounding rocke t  programs a r e  supported a t  t h e  Wallops F l i g h t  Center  i n  
V i r g i n i a ,  and t h e  Dryden F l i g h t  Research Center  i n  C a l i f o r n i a .  

The a e r o n a u t i c s  program a t  Wallops suppor ts :  (1) t h e  i n v e s t i g a t i o n  o f  major and minor a i r f r ame  changes on 
s t a l l ,  s p i n  and recovery c h a r a c t e r i s t i c s  o f  l i g h t  genera l  a v i a t i o n  a i r c r a f t ;  ( 2 )  t h e  development o f  advanced 
guidance and c o n t r o l  concepts i n  genera l  a v i a t i o n  a i r c r a f t ;  (3)  t h e  i n v e s t i g a t i o n  of a g r i c u l t u r a l  a i r c r a f t  
aerodynamics namely the  e f f e c t s  on wake modi f i ca t ions ,  towing and c r u i s e  performance; ( 4 )  t h e  development and 
demonst ra t ion  o f  advanced a i r b o r n e  system concepts  and problems such a s  no i se ,  conges t ion ,  and adverse  weather 
de lays .  

The sounding rocke t  programs supported by Wallops c o n s i s t  of  payloads which range i n  weight from 12 t o  
1,200 pounds and a r e  launched t o  a l t i t u d e s  from 70 t o  700 km. They suppor t  atmospheric physics ,  plasma 
physics ,  s o l a r  physics  and astronomy. Of cons ide rab le  importance i s  t h e  Environmental Observation Program 
which measures atmosphere dynamics parameters ( temperature ,  winds, p r e s s u r e ,  d e n s i t y )  and s e l e c t e d  c o n s t i t u e n t s  
(ozone, n i t r i c  oxide  and water  vapor)  w i t h i n  the  f i e l d  of  view of e a r t h  obse rva t ion  s a t e l l i t e s  f o r  intercom- 
p a r i s o n  purposes.  Wallops a l s o  h o s t s  t h e  i n t e r n a t i o n a l  in tercompar ison p r o j e c t  f o r  t h e  World Meteorological  
Organiza t ion  i s  suppor t  of  the  Global Ozone Research and Monitoring P r o j e c t .  

Wallops provides  f ixed and mobile ground support  equipment f o r  ins t rumenta t ion  support  t o  these  programs. 
To mainta in  t h i s  equipment, spa re  and replacement p a r t s  must be acqu i red ,  a s  w e l l  a s  some nonrecoverable 
f l i g h t  hardware such a s  on-board antennas and t ransponders .  To meet s p e c i f i c  t e s t  requirements,  modi f i ca t ions  
and augmentat ions o f  s e l e c t e d  t e l emet ry ,  communications, t r ack ing ,  command, and data  handl ing systems a r e  
r equ i red .  I n  a d d i t i o n ,  t h e  mobile equipment must be p e r i o d i c a l l y  r e fu rb i shed  and modified t o  meet remote 
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site reouirements such as the ongoing meteorological program in cooperation with several nations, including 
Argentina, Brazil, and Spain. 

The aeronautical research technology programs supported by the Dryden Flight Research Center (DFRC) 
consist of high altitude and terminal area tests involving high performance aircraft such as the F-111, F-14, 
F-15, F-104, F-8, remote piloted vehicles including Highly Maneuverable Aircraft Technology (HiMAT) and 
other aircraft and helicopters, Dryden Flight Research Center was the site for the Approach and Landing 
Tests for the Shuttle Orbiter in 1977 and will support the Orbital Flight Tests beginning in 1980. Ground 
support equipment, located at the Dryden Flight Research Center, including the high precision radar, the 
telemetry data handling, and the associated timing, communications, and command systems, is maintained and 
modified to meet the changing requirements of the approved flight projects. 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The increase of $300 thousand will provide for increased costs associated with upgrading of radar systems. 

BASIS OF FY 1981 ESTIMATE: 

The FY 1981 funding requirements will provide the sustaining equipment and modifications to support the 
sounding rocket and aeronautics programs described above. In addition, it will provide funding for an impact 
prediction system for more reliable and downrange safety related support to the sounding rocket program. The 
present system is approximately 15 years old with the attendant problems of procuring spare parts, increased 
maintenance, and decreasing reliability. 

1980 1981 
1979 Budge t Current Budget 

Actual Estimate Estimate Estimate 
(Thousands of Dollars) 

Communications Systems Implementation ..................... 4,815 3 , 700 4,400 5 , 600 

OBJECTIVES-AND STATUS: 

The objective of the Communications System Implementation program is to provide the necessary capability in 
NASA's global communications network (NASCOM) to meet new program support requirements, to increase the 
efficiency of the network, and to keep NASCOM at a high level of reliability for the transmission of data. 
NASCOM interconnects the tracking and data acquisition facilities which support all flight projects; it also 
links together such facilities as launch areas, test sites, and mission control centers. 
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The major efforts underway in the NASCOM are the implementation of a control and status system that can 
remotely control the configuration of the TDRSS multiplexing system at White Sands and the implementation of a 
50 megabits per second transmission capability connecting the White Sands, Johnson Space Center and Goddard 
Space Flight Center for support of Spacelab missions and Landsat-D. 

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The increase of $700 thousand in the FY 1980 funding level resulted from greater than expected cost for the 
status and control system for the TDRSS multiplexer and the 50 megabits per second transmission capability for 
support of Spacelab and Landsat-D. 

BASIS OF N 1981 ESTIMATE: 

The FY 1981 funding requirements will provide the sustaining equipment and modifications to support the 
NASCOM Network and to continue effort on the automation of communications from the TDRSS ground station. 
Included also are the equipment and ground terminal to relay Landsat-D data in near real-time from the 
Indian Ocean area. 

1980 1981 
1979 Budget Current Budget 

Ac tua 1 Est ima te Estimate Est ima te 
(Thousand s of Dol la r s ) 

17,800 Data Processing Systems Implementation .................... 7,430 6,900 9,500 

OBJECTIVES AND STATUS: 

The Data Processing Systems Implementation program provides for the procurement of equipment and related 
services for the large computer complexes at the Goddard Space Flight Center (GSFC) which support both the 
operational and payload requirements of space missions. To meet operational requirements these computer 
complexes, utilizing sophisticated software programs, determine spacecraft attitude and orbit, generate 
commands to the spacecraft and provide the status of onboard subsystems. In support of spacecraft payloads, 
the computer systems process the data from science and applications experiments for subsequent transfer to 
the experimenters. 

Several significant activities in this program are underway at GSFC. The Telemetry On-Line Processing 
System (TELOPS), which became operational during 1978, is now routinely supporting a number of spacecraft, 
including the recently launched HEAO-3. The Image Processing Facility has been modified and is generating 
products for Landsat, Heat Capacity Mapping Mission, and Nimbus-7. Procurement is proceeding for a computer 
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replacement t h a t  w i l l  provide a n  improved c e n t r a l  po in t  f o r  handl ing t r a c k i n g  data  r e c e p t i o n  from t h e  STDN. 
A c e n t r a l i z e d  t r a c k i n g  d a t a  base i s  a cont inuing reauirement f o r  performing o r b i t  computations. Implementation 
con t inues  f o r  a new system t o  process  d a t a  from t h e  numerous and va r i ed  experiments which comprise t h e  payloads 
o f  e a r l y  Spacelab miss ions .  

CHANGES FROM FY 1980 BUDGET ESTIMATE: 

The i n c r e a s e  of  $2.6 m i l l i o n  i n  t h e  FY 1980 fund 
f o r  c r i t i c a l  p a r t s  o f  t h e  Spacelab da ta  process ing 
r e l i a b l e  d a t a  process ing c a p a b i l i t y .  

BASIS OF FY 1981 ESTIMATE: 

ng l e v e l  r e s u l t s  from prov i s ion  of redundant capabi  
system a t  t h e  Goddard Space F l i g h t  Center  t o  i n s u r e  

i t y  
a 

The FY 1981 budget r eques t  w i l l  provide continued funding f o r  s e q u e n t i a l  replacement o f  t h e  e x i s t i n g  
computer complex a t  the  Goddard Space F l i g h t  Center  which provides  real- time suppor t  t o  the  many NASA 
s p a c e c r a f t .  Included i n  t h e  suppor t  a r e  such c r i t i c a l  a c t i v i t i e s  a s  r ea l- t ime  a t t i t u d e  and o r b i t  determina-  
t i o n ,  memory management f o r  onboard computers, and f l i g h t  maneuver c o n t r o l .  This computer complex i s  
approximately 15 y e a r s  o ld .  Not only  a r e  hardware and sof tware  maintenance becoming more d i f f i c u l t  and 
expensive ,  b u t  t h e  now frequent  system outages  a r e  becoming a r e a l  t h r e a t  t o  t r ansmiss ion  o f  v i t a l  s p a c e c r a f t  
commands. Fur the r ,  system a r c h i t e c t u r e  r e q u i r e s  g r e a t e r  sof tware  development t o  adapt  t o  new miss ions .  Funds 
a r e  a l s o  necessary  t o  augment and complete c e r t a i n  system procurements, i nc lud ing  t h e  I n t e r i m  Spacelab Data 
Process ing System and t h e  F l i g h t  Maneuver Operations Control  (FMOC) backup system. The I n t e r i m  Spacelab Data 
Process ing c o p a b i l i t y  w i l l  be der ived by augmenting and sha r ing  t h e  e x i s t i n g  f a c i l i t y  t h a t  c u r r e n t l y  processes  
f r e e- f l y e r  d a t a .  I n  p a r t i c u l a r ,  t h e  o ld  1108 computers w i l l  be replaced w i t h  f a s t e r ,  more r e l i a b l e  systems, 
providing a d d i t i o n a l  c a p a c i t y  t h a t  can be used f o r  Spacelab miss ions  a s  w e l l  a s  g e n e r a l l y  upgrading system 
performance f o r  suppor t  of the  f r e e  f l y e r s .  

There i s  a l s o  a con t inu ing  requirement t o  procure and mainta in  adequate s u p p l i e s  o f  spa re  p a r t s  t o  r e p l a c e  
f a i l u r e  prone and high maintenance e l e c t r o n i c  modules, t o  provide t e s t  equipment and t o  undertake minor 
modi f i ca t ions  and hardware f a b r i c a t i o n  as soc ia ted  wi th  new equipment i n s t a l l a t i o n  and r e c o n f i g u r a t i o n .  
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BASIS OF FUND REQUIREMENTS: 

ADVANCED SYSTEMS 

1980 1981 
1979 Budget Current  Budget 

Actual  Estimate Est imate  Est imate  
(Thousands of  Dol l a r s )  

Advanced Systems. ......................................... 9,500 10,600 10,600 11,300 

OBJECTIVES AND STATUS: 

The Advanced Systems Program conducts s t u d i e s  and develops t r a c k i n g  and d a t a  a c q u i s i t i o n  systems and 
techniaues  required  (1) t o  o b t a i n  new and improved c a p a b i l i t i e s  f o r  the  netwo.rks and da ta  f a c i l i t i e s  t o  meet 
t h e ’ n e e d s  o f  approved miss ions  and near  term new s t a r t s ,  and (2 )  t o  improve the  c o s t - e f f e c t i v e n e s s  and 
opt imize  t h e  r e l i a b i l i t y  o f  the  o v e r a l l  t r a c k i n g  and data  a c q u i s i t i o n  suppor t  f o r  t h e  t o t a l  mix o f  space f l i g h t  
miss ions .  This inc ludes  i n v e s t i g a t i o n s  of  required  t r ack ing  and da ta  a c q u i s i t i o n  suppor t  f o r  upcoming 
miss ions  and a l s o  f l igh t rg round  systems t r ade- of f  s t u d i e s  t o  determine,  f o r  example, which has  t h e  lowest  
l i f e c y c l e  c o s t s  f o r  o p e r a t i o n a l  support  p lanning o f  f u t u r e  space miss ions .  

BASIS OF FY 1981 ESTIMATE: 

The Advanced Systems Program w i l l  cont inue  t o  produce improvements i n  t h e  techniques  and t h e  systems required  
f o r  t r a c k i n g  and data  a c q u i s i t i o n .  The c a p a b i l i t y  of  the  Deep Space Network t o  t r a c k  and a c c u r a t e l y  guide 
p l a n e t a r y  s p a c e c r a f t  t o  t h e i r  r eau i red  p l a n e t a r y  “window” o r  p o s i t i o n  r e l a t i v e  t o  t h e  t a r g e t  p l a n e t  has  
improved by a f a c t o r  o f  10 every f i v e  y e a r s  s i n c e  1964. The Ga l i l eo  miss ion t o  J u p i t e r  i n  1984 r e q u i r e s  
c o n t i n u a t i o n  of t h i s  t rend and new t r a c k i n g  technology i s  being developed f o r  Ga l i l eo  nav iga t ion  dur ing 
i t s  Mars f lyby.  

The c a p a b i l i t y  o f  t h e  Deep Space Network t o  a c q u i r e  t e l emet ry  da ta  from p l a n e t a r y  missions has  a l s o  improved 
g r e a t l y .  For example, i t  has  improved over  a mi l l ion- fo ld  s i n c e  the  Mariner I V  i n  1964 t o  t h e  c u r r e n t  
r ece iv ing  c a p a b i l i t y  f o r  Voyager, which i s  115 k i l o b i t s  pe r  second from J u p i t e r  n e a r l y  a b i l l i o n  k i lomete r s  
away. Developments a r e  now aimed a t  adding another  f a c t o r  of four  improvement over the  c u r r e n t  Deep Space 
Network d a t a  a c q u i s i t i o n  c a p a b i l i t y  t o  permit  a corresponding i n c r e a s e  i n  t h e  s c i e n t i f i c  scope and va lue  of  
f u t u r e  p l a n e t a r y  miss ions .  

The Ear th  s a t e l l i t e  network i n  combination wi th  the  d a t a  handl ing and c o n t r o l  f a c i l i t i e s  has  inc reased  i t s  
t o t a l  d a t a  flow i n  support  o f  a l l  E a r t h  o r b i t a l  miss ions .  From a workload l e v e l  of  approximately 200 m i l l i o n  
b i t s  on a t y p i c a l  day i n  1964 i t s  c a p a b i l i t y  i s  1,000 t imes  t h a t  amount today. To do t h i s ,  major changes i n  
techniques  were necessary  f o r  miss ion c o n t r o l ,  d i g i t a l  d a t a  handl ing and image process ing.  New technology i s  
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now underway f o r  use dur ing  the  upcoming TDRSS e ra  when an  a d d i t i o n a i  f a c t o r  of  10 i n  workload l e v e l  w i l l  be 
reached,  Here the  prime o b j e c t i v e  i s  t o  seek s i g n i f i c a n t  improvements i n  o v e r a l l  suppor t  c o s t - e f f e c t i v e n e s s  
mainly f o r  e a r t h  obse rva t iona l  miss ions  and S h u t t l e  space ope ra t ions .  S t u d i e s  a r e  a l s o  being i n i t i a t e d  co 
d e f i n e  the  technology needs f o r  a next  gene ra t ion  TDRSS a s  exper ience  i s  gained with the  c u r r e n t  gene ra t ion  
o f  TDRSS. 

Techniques f o r  h igh ly  a c c u r a t e  measurement by t h e  networks of  parameters  r e l a t e d  t o  the  space-time environ-  
ment a l s o  p l ay  a v i t a l  r o l e  i n  support  o f  NASA miss ions  and experiments .  The Advanced Systems program has  
o f  n e c e s s i t y  remained a t  t h e  f o r e f r o n t  o f  t h i s  technology which i n c l u d e s ,  f o r  example, l a s e r  ranging,  frequency 
s tandards ,  worldwide t i m e  synchroniza t ion  and b a s e l i n e  l eng th  measurement. Laser  ranging systems used t o  
suppor t  t h e  TAGEOS s a t e l l i t e  and t o  make geode t i c  measurements a r e  now a c c u r a t e  t o  w i t h i n  10 cen t ime te r s .  
Fieldworthy atomic frequency s t anda rds  a r e  be ing  improved i n  accuracy by an  o rde r  of  magnitude every two years .  
These s t anda rds  a r e  probably t h e  most a c c u r a t e  d i r e c t  measuring in s t rumen t s  made by man, and they  u l t i m a t e l y  
determine and l i m i t  ou r  a b i l i t y  t o  t r a c k  and nav iga te  s p a c e c r a f t  and conduct experiments i n  a r e a s  such a s  
g r a v i t a t i o n a l  phys ics  and r e l a t i v i t y .  V i t a l  a l s o  i s  our  a b i l i t y  t o  synchronize two o r  more of  t h e s e  s tandards ,  
c u r r e n t l y  t o  w i t h i n  one microsecond, and t o  measure b a s e l i n e  l eng th  t o  an  accuracy of  cen t ime te r s  on a world- 
w i d e  b a s i s .  To o b t a i n  g r e a t e r  accuracy  requi red  f o r  each of  the  measurement techniques i s  an  o b j e c t i v e  of  

' t h e  Advanced Systems Program. 

Fa 12- 22  


	VOLUME
	General statement AS
	Budget summary..........................................oo AS
	Program highlights AS
	Summary of appropriations AS
	Summary reconciliation of appropriations to budget plan AS
	Distribution of budget plan by installation AS
	Organization chart AS
	General statement SUM
	Appropriation language proposed)...... SUM
	Progamm and financing schedule SUM
	Research and development budget plan by subfunction SUM
	Distribution of research and development budget plan by installation and fiscal year SUM



